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 The sedimentary architecture of the Taranaki Basin, located primarily offshore of 
northwestern New Zealand, reveals the structural and stratigraphic response to the region’s 
polyphase tectonic history. Using Schlumberger’s Petrel software, 2D and 3D seismic data are 
structurally and stratigraphically interpreted and depth-converted, and three depth-converted 
regional cross-sections are sequentially restored through 14 time horizons using Midland 
Valley’s Move. The structural restoration process incorporates paleobathymetry, isostatic 
corrections, decompaction, unfaulting, and unfolding, and yields extension and shortening rates 
from the deepwater to proximal Taranaki Basin. Measured Middle Cretaceous to Paleocene 
extension rates total 7.0% in the Northern Taranaki Basin, 5.1% in the Central Taranaki Basin, 
and 1.8% in the Southern Taranaki Basin; the temporal and spatial distribution of extension 
provides evidence of two-phase rifting. Eocene initiation of Pacific Plate subduction resulted in 
anomalously high post-rift subsidence, 0.10% shortening across the Northern Taranaki Basin, 
little to no shortening in the Central Taranaki Basin, and 1.6% shortening across the Southern 
Taranaki Basin. The Southern Taranaki Basin, which has experienced a higher magnitude of 
transpressional stress, has seen the greatest variety of shortening-related deformation in the 
basin. The distribution of strain in the basin is compared with previous research in the region, 
which reveals that the style of convergence-driven compressional strain is less varied in the 
Taranaki Basin, where the Taranaki Fault System has accommodated much of the basin 
shortening, than the nearby Reinga Basin; basement terranes and the spatial relationship between 
basin location and extinct and active Southwest Pacific subduction zones are presented as the 
underlying controls on strain distribution. Convergence-related shortening generally occurred in 
a systematic and sequential manner, migrating north-to-south, and the direction of principal 
iv 
compressive stress has rotated clockwise from the Reinga Basin to the current-day southern 
termination of the Hikurangi Subduction Zone. Miocene to Recent back-arc extension of 0.44% 
is measured in the Northern Taranaki Basin, 0.17% in the Central Taranaki Basin, and is not 
observed in the Southern Taranaki Basin. Extension measured in this study is synthesized with 
previous research and presented from a rotating block model perspective, demonstrating a 
general north-south temporal migration of extension.  
 The distribution of ultimate recoverable oil reserves are compared to the areal extent of 
shortening-related structures in the basin. Approximately 93% of New Zealand’s oil reserves are 
located within the area of shortening delineated in this study, and it is proposed that 
convergence-related structural deformation provides a key control on the distribution of 
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 The continent of Zealandia (Figure 1.1) sits astride a 150-450 km wide boundary zone 
between the Australian and Pacific Plates (Nicol et al., 2017). The configuration of the boundary 
zone varies spatially. In the north, the Pacific Plate subducts obliquely beneath the Australian 
Plate at the Hikurangi Trench (Figure 1.1) at a rate of ~48 mm/yr (Nicol et al., 2017). In the 
south, oceanic crust of the Australian Plate subducts beneath the Pacific Plate at the Puysegur 
Trench at ~ 38 mm/yr (Nicol et al., 2017). The oppositely-dipping subduction zones are linked 
by a transform fault system (Alpine Fault and Marlborough Fault System, see Figure 1.1) that 
runs through the South Island of New Zealand. To the west of the North Island lies the Taranaki 
Basin, a primarily offshore Cretaceous-Cenozoic sedimentary basin. The focus of this study is 
the Taranaki Basin and its deepwater (shelf edge to ~2000 m isobath) extension, henceforth 
known as the Deepwater Taranaki Basin. The study area boundary (Figure 1.2) encompasses 
approximately 117,000 km2 and includes the Taranaki Basin, Deepwater Taranaki Basin, and 
parts of the Northland and Wanganui Basins. The study area experienced a Cretaceous rifting 
event, a subsequent Cretaceous-Paleocene rifting event, Oligocene-Recent compression, and 
renewed extension in the northern part of the study area from the Miocene to Recent.  
Utilizing the results of seismic interpretations and structural restorations, this study aims 
to quantify the spatial and temporal trends in regional strain across three NW-SE trending 
regional transects originally published by Strogen et al. (2014) (Figure 1.2), and to compare the 
results with previous studies of the basin’s tectonic history. As New Zealand’s only petroleum-
producing province (Figure 1.3), the Taranaki Basin has been the focus of seismic data 
acquisition, exploratory well activity, and industry and academic research for decades. Previous  
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Figure 1.1: New Zealand map displaying submarine plateaus, basins, rises, and major structural 
features. Base map is modified from ArcGIS World Ocean Base. Plate motion vectors (relative 
to stationary Australian Plate) are taken from Nicol et al. (2017). Abbreviations: EB, East Coast 




































Figure 1.2: Twelve regional transects that form the basis of seismic interpretation in this study. 
The study area is outlined by the red polygon. Highlighted yellow transects are the subject of 
structural restorations in Chapter 5.  Abbreviations: NTB; Northern Taranaki Basin; STB, 














studies include: seismic interpretation and a sequential restoration of a single cross-section 
through the central Taranaki Basin, albeit without quantification of extension or compression 
(King & Thrasher, 1996; Roncaglia et al., 2010); seismic interpretation and a single restoration 
of Plio-Pleistocene sequences (Hansen & Kamp, 2004); a detailed sequential restoration of the 
Taranaki Fault (Figure 1.3) based on the study of outcrops, biostratigraphy, and a sequence 
stratigraphic framework (Tripathi & Kamp, 2008); regional seismic interpretation and structural 
history (King & Thrasher, 1996: Strogen et al., 2014; Strogen et al., 2017); spatial and temporal 
fault growth patterns along the Taranaki Basin shelf using seismic interpretation, and their 
relationship to the subduction zone evolution at the Hikurangi Margin (Giba et al., 2010); 
examining the marine magnetic anomaly and stratigraphic records to elucidate the nature of the 
Australian and Pacific Plate kinematics during the mid-Cenozoic (Furlong & Kamp, 2013); 
utilizing seismic interpretations and fault slip analysis to describe the Cenozoic tectonic 
evolution of the Southern Taranaki Basin (Figure 1.2) (Reilly et al., 2015); seismic interpretation 
and sequential restorations quantifying strain both temporally and latitudinally in the Southern 
Taranaki Basin (Bucker, 2016); seismic interpretation and sequential restorations quantifying 
strain both temporally and spatially in the Pegasus Basin (Figure 1.1) (King, 2017); seismic 
interpretations and a structural restoration of a cross-section in the Reinga Basin (Figure 1.1) 
(Kramer, 2018). While smaller-scale structural restorations have been published in the past, a 
series of regional scale structural restorations across the shelf, shelf edge, and deepwater portions 
of the Taranaki Basin are the primary focus of this study. An additional aim of this study is to 
consider the petroleum system implications of the seismic interpretations and structural 
restorations, especially as it relates to the broader regional tectonic history. The southeastern 
portion of the study area is home to all of New Zealand’s offshore fields (Figure 1.3), and, while 
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Figure 1.3: Location of Taranaki Basin petroleum field and sediment thickness throughout the 
area. Triangles on fault traces denote the dip direction of reverse faults. Partial red polygon 




drilling has been undertaken farther afield in the basin, ultimate recoverable oil and gas reserves 





The Taranaki Basin, located along the west coast of New Zealand’s North Island (Figure 
2.1), covers approximately 330,000 km2 primarily offshore (Salazar et al., 2015). The Taranaki 
Basin is completely within Zealandia, a largely submerged continent (Mortimer et al., 2017) that 
began separating from Gondwana at about 100 Ma (Bache et al., 2014). The basin sits partly 
within the Neogene-Quaternary New Zealand plate boundary zone and contains variably 
deformed sedimentary fill (Strogen et al., 2017). The tectonic evolution of the Taranaki Basin 
region can generally be divided into five phases: (1) Triassic to early Cretaceous subduction of 
the Pacific-Phoenix plate at the eastern Gondwana margin, (2) intracontinental rifting and 
extension between 105-83 Ma, (3) the end of the initial rifting phase, along with seafloor 
spreading in the Tasman Sea from 83-55 Ma and renewed rifting, (4) a transition to passive 
margin conditions and post-rift subsidence, and (5) initiation and evolution of the Tonga-
Kermadec-Hikurangi subduction zone during the Cenozoic (Figure 2.2) (Bache et al., 2014; 
Strogen et al., 2017). During these tectonic stages, different parts of the Taranaki Basin 
experienced one or more types of deformation (King & Thrasher, 1996).  
The southern boundary of the Taranaki Basin is a gradual transition into the ridges and 
basins of the northwestern South Island (King & Thrasher, 1996).  To the north, the Taranaki 
Basin is geologically contiguous with the Northland Basin (Figure 2.1) (King & Thrasher, 1996). 
To the northwest, the Taranaki Basin descends first into the Deepwater Taranaki Basin and then 
into the New Caledonia Basin (Figure 2.1). In the southwest, progradational Neogene deposits 
lap onto the Challenger Plateau (Figure 2.1) (King & Thrasher, 1996). The subsurface Patea- 
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Figure 2.1: Location of New Zealand basins with study area outlined by red polygon. Modified 




Figure 2.2: Simplified southwest Pacific tectonic evolution. Red stars are specific to the Bache et 
al. (2014) study and not specifically relevant to this study. Taken from Bache et al. (2014). 
 
Tongaporutu basement high (Figure 2.3) and the Taranaki Fault define the eastern boundary of 
the Taranaki Basin (King & Thrasher, 1996; Stagpoole & Nicol, 2008). 
The Taranaki Fault, interpreted as a backthrust, is antithetic to the Hikurangi subduction 
margin (Figure 2.3) (Stagpoole & Nicol, 2008), Miocene in age, and vertically offsets basement 
by up to 15 km (King & Thrasher, 1996; Giba et al., 2010). The Taranaki Fault is part of a larger 
fault system that extends north from the Alpine Fault on the South Island; the system also 
contains the Waimea-Flaxmore Fault, the Manaia Fault, and the Tarata Thrust, and they are 
associated with the convergent boundary between the Australian and Pacific Plates (Figure 2.4) 
(Stagpoole & Nicol, 2008; Salazar et al., 2016). The current relative plate motion between the 
Australian and Pacific plates is oblique along the Hikurangi Margin (Stagpoole & Nicol, 2008), 
with the Pacific Plate currently subducting at 42-48 mm/yr (Giba et al., 2010).   
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Figure 2.3: Schematic cross-section of the Taranaki Basin. Modified from Muir et al. (2000). 
 
Previous researchers have divided the Taranaki Basin into two structural regions: the 
Western Platform and the Eastern Mobile Belt (Figure 2.3) (King & Thrasher, 1996). The 
Western Platform is characterized by regional subsidence, ‘layer-cake’ and progradational 
deposition, and relative tectonic quiescence since the Late Cretaceous and Early Paleocene (King 
& Thrasher, 1996). The Eastern Mobile Belt contains interconnected depocenters and structural 
sub-provinces that resulted from Neogene tectonic overprinting of basin morphology (King & 
Thrasher, 1996). The northern sector of the Eastern Mobile Belt contains the Northern and 
Central Grabens (Figure 2.5) and is currently under extension (King & Thrasher, 1996). The 
southern sector, which contains the Tarata Thrust Zone and Southern Inversion Zone, was 
formerly all under compression, but currently only the Southern Inversion Zone is experiencing 
compression (Figure 2.5) (King & Thrasher, 1996).  
2.1 Stratigraphy 
The Taranaki Basin basement varies considerably spatially. Paleozoic through Early 
Mesozoic granite, diorite, and schist have been found in wells throughout the basin (Mortimer et  
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Figure 2.4: Regional map of the Taranaki Fault system. Contours of 2, 4, and 6 km show the 






Figure 2.5: Map of Taranaki Basin basement geology and structural elements. Black polygons 
represent fault planes at top basement. The extent of igneous bodies and boundaries of Western 
Platform metasedimentary basement are not known and are extrapolated by Kroeger et al. (2013) 
from South Island outcrops and northwestern Taranaki Basin well data. Modified from Kroeger 









al., 1997). Significant heterogeneity exists in the Taranaki Basin basement rocks, reflecting an 
amalgamation of the Paleozoic Gondwana craton with Mesozoic accretionary terranes and 
plutons (Kroeger et al., 2013). The Western Platform (Figure 2.5) is primarily composed of 
Paleozoic granitoids and metasedimentary rocks that were part of the Gondwana craton (Kroeger 
et al., 2013). Part of the Western Platform’s eastern edge is intruded by Separation Point Suite 
granitoids of Cretaceous age (Kroeger et al, 2013). The Eastern Mobile Belt contains arc 
volcanoes, volcanic-sedimentary rocks, and Permian and Mesozoic accretionary complexes 
(Kroeger et al., 2013). The two provinces are connected by a broad suture zone known as the 
Median Tectonic Zone (Kroeger et al, 2013). The Median Tectonic Zone is likely the remnant of 
the Jurassic- Cretaceous magmatic arc of the active Gondwana continental margin (Figure 2.5) 
(Kroeger et al., 2013). A large portion of the Median Tectonic Zone is comprised of calc-alkaline 
granodioritic and dioritic plutonic rocks belonging to the Median Batholith (Figure 2.5) (Kroeger 
et al., 2013). 
A succession of sedimentary and volcanic rocks unconformably overlie the basement. 
The oldest sedimentary rocks encountered in the study area are Jurassic age strata of the 
Murihiku Supergroup that occur below Paleocene marine shales near the Northland Basin in the 
Waka Nui-1 well (Figure 1.2) (Baillie & Uruski, 2004). The Mid-Cretaceous Taniwha Formation 
unconformably overlies the basement near the northeastern margin of the Taranaki Basin, and is 
composed of siltstone, sandstone, coal, and shale (Figure 2.6) (King & Thrasher, 1996). Most 
broadly, the Taranaki Basin strata can be divided between a Late Cretaceous to Early Miocene 
transgressive phase and a subsequent, still on-going regressive phase (King & Thrasher, 1996). 
King & Thrasher (1996) divided the Taranaki Basin into four main seismic-stratigraphic units 
that lie above both the basement and Taniwha Formation: 1) the Pakawau Group, a Late-
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Cretaceous syn-rift sequence, 2) the Kapuni and Moa Groups, which are Paleocene-Eocene late-
rift and post-rift transgressive sequences, 3) the Ngatoro and Wai-iti Groups, which are 
Oligocene-Miocene shelf, slope, and regressive sequences and 4) the Rotokare Group, a Plio-
Pleistocene regressive sequence (Figure 2.6). 
2.1.1 Rifting and Passive Margin Phase 
The Pakawau Group, a 500-4200 m thick Late Cretaceous syn-rift sequence, is separated 
from the Taniwha Group by an unconformity (King & Thrasher, 1996). It is found in isolated 
and inter-connected depocenters and in sub-basins downthrown by major faults (King & 
Thrasher, 1996). The Pakawau Group is divided into the Rakopi Formation, which is primarily 
composed of coal measures, and the North Cape Formation, which is dominated by shallow-
marine lithofacies that mark the onset of marine transgression (Figure 2.6) (King & Thrasher, 
1996). A disconformity, which is largely uniform throughout the basin and identifiable as a 
regional seismic horizon, separates the Rakopi and North Cape Formations (Higgs et al., 2010). 
There is significant variability in the thickness and extent of Cretaceous strata throughout 
the study area. Cretaceous age strata in the Deepwater Taranaki Basin are considerably thicker 
than those found on the shelf (Baillie & Uruski, 2004). Latest Cretaceous Pakawau strata in the 
Southern Taranaki Basin commonly lie unconformably on the basement or early synrift fill of 
mid-Cretaceous age, and this unconformity can be found north and westwards into the Taranaki 
Delta (Figure 2.6) (Strogen et al., 2017). The Taranaki Delta (83-80 Ma) is characterized by 
downlapping clinoforms that prograded into the Deepwater Taranaki Basin; the Taranaki Delta 
thickens from the Romney-1 well to over 2 km in the center of the Deepwater Taranaki Basin 
(Figure 2.7) (Strogen et al., 2017). 
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Figure 2.7: Interpretation of seismic line dtb01-18 by Strogen et al. (2017). Seismic stratigraphic naming convention is described in 
Chapter 4. Inset map displays location of seismic line with blue polygon outlining the study area. The late and early Zealandia syn-rift 
material is speculatively placed in the Deepwater Taranaki Basin by Strogen et al. (2017), and likely represents some of the oldest 











A regional unconformity separates the Pakawau Group from the Kapuni and Moa 
Groups; collectively, the Kapuni and Moa Groups represent a Paleocene-Eocene late-rift and 
post-rift transgressive sequence (King & Thrasher, 1996). The Kapuni Group formations are 
terrestrial to marginal marine in origin (King & Thrasher, 1996). King and Thrasher (1996) 
subdivided the group into the Farewell, Kaimiro, Mangahewa, and McKee Formations (Figure 
2.6). The Kaimiro Formation marks the beginning of passive margin deposition in the basin. The 
coarsest-grained rocks are Paleocene in age and restricted to the southwest and southeast parts of 
the basin (King & Thrasher, 1996). Otherwise, high-energy, non-marine depositional 
environments are nearly absent from the Kapuni Group (King & Thrasher, 1996). Overall, the 
degree of marine influence in the group increases upwards, and from southeast to northwest 
(King & Thrasher, 1996). The Moa Group is entirely marine, reflecting regional transgression 
during the Paleocene and Eocene, and includes the Turi Formation (King & Thrasher, 1996). The 
Moa Group is capped by a paraconformity that marks the cessation of the Late Eocene-Early 
Oligocene marine transgressive phase (King & Thrasher, 1996). 
2.1.2 Foreland Basin Phase 
The Ngatoro Group is composed of Oligocene-Miocene foredeep and distal, sediment-
starved shelf and slope formations (King & Thrasher, 1996). The group is characterized by high 
calcium carbonate content and is subdivided into the Otaraoa, Tikorangi, and Taimana 
Formations (Figure 2.6) (King & Thrasher, 1996). The Taimana Marl marks the beginning of 
renewed clastic input into the basin, which derived from overthrusting in the Taranaki Fault 
system (King & Thrasher, 1996). The Wai-iti Group is a Miocene regressive sequence and is 
divided into the Manganui, Moki, Mohakatino, Mount Messenger, Urenui, and Ariki Formations 
(Figure 2.6) (King & Thrasher, 1996). The Wai-iti Group contains regressive, marine, clastic-
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dominated lithofacies and includes mudstones, siltstones, volcaniclastics, marls, and sandstone-
dominated turbidites (King & Thrasher, 1996). The Miocene strata generally have a 
progradational wedge geometry that thins to the west and are 2000-3000 m thick (King & 
Thrasher, 1996). Neogene strata are considerably thinner in the Deepwater Taranaki Basin than 
on the shelf (Baillie & Uruski, 2004). 
2.1.3 Back-arc Extension Phase 
The Rotokare Group is primarily a Plio-Pleistocene sequence, although in some places 
the deposits are latest Miocene (King & Thrasher, 1996). The Rotokare Group is subdivided into 
the Matemateaonga, Tangahoe, Mangaa, and Giant Foresets Formations (King & Thrasher, 
1996) (Figure 2.6). The Rotokare Group is 2000-4000 m thick and characterized by high 
sedimentation rates; in the Northern and Central Grabens (Figure 2.5), the estimated 
decompacted sedimentation rate is 2 m/ky (King & Thrasher, 1996). Rapid aggradation and 
progradation during the Plio-Pleistocene rapidly outbuilt the continental shelf margin in the 
Northern Taranaki Basin (Hansen & Kamp, 2002).  
The Giant Foresets Formation, the thickest of the Rotokare Group formations, is up to 
3000 m thick, composed of shelf and slope fine-grained mudstones and siltstones (Salazar et al., 
2016), and characterized by clinoforms that prograde northwestward (Hansen & Kamp, 2002). 
The Northern Graben captured sediment filling the basin from south and east until the late 
Pliocene, at which point the Northern Graben was overtopped and deposition subsequently 
reached the Western Platform (Annel & Midtkandal, 2017). Kamp et al. (2004) described the 
Giant Foresets Formation as one of two continental margin wedge fronts emanating northward 
from the South Island; while one front moved into the Wanganui and King Country Basins, the 
other moved west of the Patea-Tongaporutu High, then prograded north through the 
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Figure 2.8: Modern sediment distribution pathways on the west coast of New Zealand. 
Abbreviations: NKCM, North Kaipara Continental Margin. Modified from Payne et al. (2010). 
 
Central Graben, into the Northern Graben, and ultimately onto the Western Platform. The Giant 
Foresets Formation likely contains sediments from multiple sources. Erosion of the Southern 
Alps appears to have been the chief source, while Plio-Pleistocene erosion of strata from the 
King Country Basin may also have contributed to sediment in the Giant Foresets Formation 
(Kamp et al., 2004). The exact provenance of the Giants Foresets Formation is not currently 
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known, but littoral drift along the strong, persistently north-directed Westland Current (Figure 
2.8) is the current sediment transport mechanism along the west coast of New Zealand (Nodder, 
1995; Payne et al., 2010).  
2.2 Tectonic History: Rifting and Passive Margin Phase  
From the Devonian to the mid-Cretaceous, Zealandia was the site of subduction and 
terrane accretion along the eastern margin of Gondwana (Kroeger et al., 2013). During the mid-
Cretaceous (105-83 Ma), a crustal extension phase preceding continental break-up and 
separation–named the ‘Zealandia rift phase’ (Figure 2.9A) by Strogen et al. (2017)–occurred 
throughout proto-Zealandia. During this time, subparallel rift sub-basins developed with mainly 
WNW to NNW orientations (Strogen et al., 2017)) and syn-rift sediments were deposited in 
fault-controlled rift grabens (Kroeger et al., 2013). The Zealandia rift phase basins formed 
parallel to Tasman Sea spreading centers (Strogen et al., 2017) (Figure 2.10). Strogen et al. 
(2017) suggest that the Zealandia rifting phase accommodated extension across a large 
contiguous tectonic block that included the greater Taranaki Basin region. Based on 
paleomagnetic data from areas west of the Neogene Alpine Fault, there was little vertical axis 
rotation of this block during the Cenozoic, suggesting that the Zealandia rift phase 
accommodated NNE extension (Strogen et al., 2017). The Zealandia rift faults are usually 
steeply dipping (60-70°) and widely spaced (>20 km) (Strogen et al., 2017).  
 At about 83 Ma, the Tasman Sea began to form and the proto-New Zealand landmass 
separated from Gondwana (Kroeger et al., 2013). The widespread rifting of the Zealandia rift 
phase ceased as extension was taken up by ocean spreading centers (Strogen et al., 2017). A 
decrease in Zealandia-wide extension rates during the late syn-rift stage may reflect the onset of 
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Figure 2.9: Maps showing Cretaceous-Paleocene sequence thicknesses. (a) Zealandia rift phase 
synrift strata with fault traces that were active during the Late Cretaceous. (b) Taranaki Delta 
sequence and equivalent strata (primarily Campanian age). (c) Early West Coast-Taranaki rift 
phase strata deposited during the latest Cretaceous. (d) Late West Coast rift phase strata of 




Figure 2.10: Tectonic reconstructions for the Antarctica-Australia-Zealandia region with East 
Antarctica fixed. Maps show the progression of rifting orientations and the location of future 
sedimentary basin positions. Basin abbreviations in (a): AB, Aotea; BB, Bass basins; BT, Bounty 
Trough; CB, Canterbury; CFB, Capel–Faust; CH, Challenger; CP, Campbell; CR, Chatham Rise; 
DWT, Deepwater Taranaki; ECB, East Coast; FB, Fairway; GB, Gippsland; GSB, Great South; 
M, Marlborough; MB, Monwai Basin; NCB, New Caledonia; OB, Otway; RB, Raukumara; 
RNB, Reinga–Northland; RSB, Ross Sea; TB, Taranaki; WC, West Coast; WSB, Western 




strain localization closer to the future spreading centers (Strogen et al., 2017). The deposition of 
the thick (up to 2.5 km) Taranaki Delta sequence (83-80 Ma), coupled with a regional 
unconformity and lack of equivalent age rocks in the southwestern Taranaki Basin, suggests that 
uplift and erosion coincided with the onset of Tasman Sea seafloor spreading (Strogen et al., 
2017). Strogen et al. (2017) proposed that thermally-induced uplift associated with the break-up 
of Gondwana occurred in the Southern Taranaki Basin, the West Coast Basins, and across the 
Challenger Plateau (Figure 2.1). There is no evidence for uplift in the Deepwater Taranaki and 
Northland-Reinga Basins, where deposition continued during this time (Strogen et al., 2017).  
Widespread sedimentation resumed around 80 Ma as uplift and erosion in the Southern 
Taranaki Basin ceased (Strogen et al., 2017). A renewed phase of extension–named the ‘West 
Coast-Taranaki rift phase’ by Strogen et al. (2017)–resulted in a mostly north- to NE-oriented rift 
system in central Zealandia (Southern Taranaki Basin, West Coast Basins); faults associated with 
this rift system are roughly orthogonal to the earlier Zealand rift phase trend (Figures 2.10 and 
2.11). The West Coast-Taranaki rift system formed a relatively narrow belt through central 
Zealandia and was coeval with seafloor spreading in the Tasman Sea. Reilly et al. (2015) and 
Strogen et al. (2017) proposed that the West Coast-Taranaki rift system was a failed rift arm 
extending from a triple junction southwest of New Zealand, based on normal dip-slip faulting, 
and that “far-field expression of a seafloor transform associated with Tasman Sea spreading” was 
possible, but less likely. The West Coast-Taranaki rift phase ended at about 55 Ma, while 
Tasman Sea spreading slowed at about 56 Ma and ceased at 52 Ma (Strogen et al., 2017 and 
references therein). Many of the Cretaceous-Paleocene basement faults would later become 
reactivated by shortening and extension during the Paleogene and Neogene (Giba et al., 2010). 
Following rifting, passive margin post-rift/drift stage conditions ensued, and sediments were 
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deposited in fluvial and shallow marine environments during the Paleocene to Eocene (Kroeger 
et al., 2013). Lithospheric cooling and thermal subsidence occurred into the Late Eocene (King 
& Thrasher, 1996). 
2.3 Tectonic History: Foreland Basin Phase 
At about 45 Ma the modern plate boundary began to develop, as evidenced by the onset 
of sea floor spreading in the Emerald Basin and subduction at the Norfolk Ridge (Figure 2.1) 
(Kroeger et al., 2013). The initiation of the modern plate boundary at least partially reactivated a 
relict Mesozoic subduction system (Nicol et al., 2017). Slow subduction (<10 mm/yr) at the 
Hikurangi Margin likely began between 40 and 30 Ma (Nicol et al., 2017).  A Late Eocene–Early 
Oligocene unconformity marked the end of passive margin development in western New Zealand 
(Kroeger et al., 2013). A subsequent transpressional belt of en echelon reverse fault-bound 
structures and sub-basins followed the development of the unconformity (Kroeger et al., 2013). 
Subsidence increased during the Oligocene as a flexural foredeep migrated ahead of a westward-
propagating thrust front east of the Taranaki Basin (Stern & Davie, 1990). Reverse faulting and 
shortening occurred in the Taranaki Basin between about 40 and 12 Ma; during this time, the 
relative motion between the Australian and Pacific Plates was primarily convergent (Giba et al., 
2010).  
Reverse faulting was focused along the Taranaki Fault system (Figures 2.4), which 
accrued displacements up to 12-15 km (Giba et al., 2010). The Taranaki Fault system likely 
evolved from normal to reverse during the mid-Oligocene, and involved the development of a 
new fault trace dipping to the east (Tripathi & Kamp, 2008). The Taranaki Fault system 
experienced episodic reverse displacement during a 6 m.y. phase (29-23 Ma), which included the 
periodic locking up of the Taranaki Fault in the Murihiku basement, strain accumulation causing 
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uplift east of the basin, and subsequent free displacement in the upper crust and subsidence 
(Tripathi & Kamp, 2008).  
2.4 Tectonic History: Back-arc Extension Phase 
During the Neogene, structural changes in the Taranaki Basin have largely been a result 
of the development of subduction along the Hikurangi Trough (Figure 2.4 inset) (Kroeger et al., 
2013). As the plate boundary evolved, a series of southward-propagating tectonic events within 
the Taranaki Basin have occurred (King & Thrasher, 1996). Shortening was focused along the 
eastern margin of the Taranaki Basin in the Early Miocene, and then began propagating through 
the southern basin during the Middle Miocene (Kroeger et al., 2013). Onshore volcanic deposits 
suggest that by 25-23 Ma the subducted slab had reached sufficient depth to generate partial 
melting in northern New Zealand; by 18 Ma, the area of partial melt generation had propagated 
southward into the Northern Taranaki Basin (Figure 2.11) (Kroeger et al., 2013). At this time, the 
northeastern part of the basin effectively became an intra-arc basin (Kroeger et al., 2013). 
Additional southwards-developing basins began to emerge as a result of subduction-related 
subsidence, creating a contiguous depocenter between the northeastern Taranaki Basin and King 
Country Basin in the Late Miocene (Figure 2.1) (Kroeger et al., 2013).  
At about 12 Ma, shortening and extension began to occur synchronously in different parts 
of the Taranaki Basin (Giba et al., 2010). Back-arc extension began in the Northern Taranaki 
Basin and was accompanied by the formation of a fault system oriented in the NNE-SSE 
direction (Figure 2.11b). At about 4 Ma new normal faults began to form (Figure 2.11d); these 
faults were active until about 2 Ma, and, thereafter, active normal faulting has been mostly 
confined to the Taranaki peninsula area (Giba et al., 2010). A roughly 20° change in fault strike 
occurred between 12 Ma and 4 Ma, which may reflect the change in orientation of the  
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Figure 2.11: Paleogene-Neogene structural evolution of the Taranaki Basin. Volcanoes are 
colored gray. This map highlights the general southward migration of volcanic features and 
faults. Abbreviations: CEF, Cape Egmont Fault zone; TFS, Taranaki Fault system. Taken from 
Giba et al. (2010). 
 
subducting plate (Giba et al., 2010). Extension and crustal thinning in the Taranaki Basin is 
associated with clockwise rotation of the North Island, which is about 3°/Myr in the east (Giba et 
al., 2010). The rotation is commonly attributed to rollback of the subducting Pacific Plate and/or 
continental collision at the southern end of the Hikurangi Margin (Giba et al., 2010). Slab 
rollback may have controlled the depth of the slab and associated volcanism, resulting in the 
eastward migration of the northern Hikurangi Margin (Kroeger et al., 2013). Miocene and 
younger extension in the Taranaki Basin has been accompanied by volcanic centers of submarine 
stratovolcanoes whose NNE-trending alignment run parallel to the Late Miocene subduction 
margin (Giba et al., 2010). 
Over the past 12 Myr there has been a southward transition from extension to contraction, 
with the transition point between the two structural regimes moving south through time. The 
location of the northern limit of shortening and the southern limit of extension appear to have 
been coincident and moved south through time; today, that point is located between the Cape  
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Figure 2.12: Schematic block model in which the western block (the Western Stable Platform, 
which is synonymous with the Western Platform described elsewhere in this chapter) is fixed 
while the eastern block (Eastern Mobile Belt) rotates clockwise. The rotation axis migrates 
southward, and the dashed lines indicate the transition zone between crustal extension and 
contraction. Taken from Giba et al. (2010). 
 
Egmont Fault zone and South Island (Figure 2.13D) (Giba et al., 2010). Giba et al. (2010) 
estimated a maximum extension of ~3 km (about 5% total extension across the basin) in the 
northernmost section of the Taranaki Basin since about 12 Ma. King & Thrasher (1996) and 
Giba et al. (2010) proposed that the temporal and spatial migration of the extension to 
contraction transition point could be modeled using a block rotation model (Figure 2.12). In the 
model, the Western Platform is fixed and the eastern crustal block–the Eastern Mobile Belt–
rotates clockwise about an axis; extension occurs north of the axis and contraction occurs south  
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Figure 2.13: Reconstructions of the Hikurangi Margin and back-arc deformation of the North 
Island. Black arrows indicate the Pacific Plate motion vectors relative to the Australian Plate for 
the present-day. Abbreviations: SFB, South Fiji Basin; VMFZ, Vening Meinesz fracture zone; 
CVR, Central Volcanic Region; TPZ; Taupo Volcanic Zone. Modified from Giba et al. (2010). 
 
of the axis. Figure 2.13 shows the likely position of the rotation axis and transition zone between 
the two structural regimes. The transition between extension and contraction actually occurs 
along a line or diffuse zone instead a single point. 
In the Plio-Pleistocene, subsidence resulted in Wanganui and southeastern Taranaki 
Basin contiguity. During this time, subsidence has progressively moved southwards towards the 
north end of the South Island (Kroeger et al., 2013). During the Pliocene, the volcanic arc 
migrated from the Northern Taranaki Basin to the Taupo Volcanic Zone and long wavelength 
doming of the crust below the central North Island occurred (Kamp et al., 2004). Volcanism and 
associated heating of the crust underlying the central North Island produced uplift of the 
northeastern Taranaki Basin margin, resulting in westward tilting of the eastern Taranaki Basin 
strata (Kroeger et al., 2013). Uplift rates of 0.5-1.0mm/yr have been observed throughout 
western and central portions of the North Island (Nicol et al., 2017). To the south of the study 
area, the Southern Alps began uplifting between 4 and 5 Ma (Trippett & Kamp, 1995) and are 
characterized by some of the highest known exhumation rates (6-9 km/my) on Earth (Herman et 
al., 2010 and references therein).  
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2.5 Petroleum Significance 
The Taranaki Basin is a primarily a gas and condensate province and is the only 
sedimentary basin that produces commercially viable quantities of petroleum in New Zealand 
(King & Thrasher, 1996; Sykes et al., 2013). There are currently 16 producing fields in the 
Taranaki Basin (MBIE, 2014).  Most of the petroleum produced from the Taranaki Basin has 
come from a small number of fields, the largest of which is the 3.4 Tcf Maui field (Figure 1.3) 
(MBIE, 2014). The Maui field is mature but still contains the majority of New Zealand’s proven 
reserves (MBIE, 2014).  The Maari and Pohokura fields contain around 49% of oil and 
condensate reserves (Figure 1.3) (MBIE, 2014). For the entire Taranaki Basin, total ultimate 
recoverable oil and condensate reserves (proved plus probable) are 588 mmbbls, while total 
remaining reserves are 78 mmbbls (MBIE, 2017). Total ultimate recoverable natural gas reserves 
(proved plus probable) are 8058 Bcf and total remaining reserves are 1775 Bcf (MBIE, 2017). 
No major fields have been identified since the Tui field entered production in 2007 (Figure 1.3) 
(MBIE, 2017). While several smaller fields have been discovered in the past decade (MBIE, 
2014), production, exploration expenditures, and drilling activity in the Taranaki Basin are all in 
decline (MBIE, 2017). The production decline is symptomatic of both declining production in a 
mature basin and the economic ramifications of persistent low energy prices (MBIE, 2017). 
While basin production is in decline, the area is under-explored relative to comparable basins, 
and there is potential for further discoveries, especially in the Deepwater Taranaki area (MBIE, 
2014).  
2.5.1 Brief History of Petroleum Exploration 
 Historically, the Maori people were the first to encounter oil and gas seeps along the 
North Island’s west coast. In 1865, the Alpha well – one of the earliest exploration wells in the 
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world – was drilled to a depth of 55 m near surface seeps in the Moturoa area (Figure 1.3) (King 
& Thrasher, 1996). Between 1865 and 1914, oil companies drilled 21 wells in the Moturoa field, 
while 12 wells were drilled elsewhere in the Taranaki Basin (King & Thrasher, 1996). From 
1914 to the 1950s no wells had yet penetrated the Kapuni Group, which would later become the 
main exploration target in the basin (King & Thrasher, 1996). Interest in the area waned until 
1955, when Shell, BP and Todd (SBPT) formed a consortium and began drilling wildcat wells 
(King & Thrasher, 1996). In 1959, the first SBPT well discovered gas-condensate in Late Eocene 
Kapuni Group strata (King & Thrasher, 1996). 
 Offshore seismic surveying began in the early 1960s and offshore drilling began in 1968; 
the giant Maui field was discovered a year later (Figure 1.3) (King & Thrasher, 1996). The 
Kapuni and Kupe fields came online in 1970 and 1975, respectively (Figure 1.3) (King & 
Thrasher, 1996). The first major commercial oil discovery was made in 1980 in the McKee field 
(Figure 1.3) (King & Thrasher, 1996). From the 1960s to 1980s additional 2D seismic surveys 
were commissioned and different play types were tested; by 1983, the majority of hydrocarbon 
reserves in the basin had been discovered (King & Thrasher, 1996). 3D seismic data acquisition 
began in 1987 and continues to present day; the majority of the surveys have been either onshore 
or within 100 km of the shoreline, and at least 35 3D seismic surveys have been collected by 
2017 (NZPAM, 2017). 2D surveys of the Deepwater Taranaki Basin were collected in 2001, 
2009, and 2010 (NZPAM, 2017), and Anadarko drilled the first Deepwater Taranaki well in 





2.5.2 Petroleum System 
Late Cretaceous and Paleogene coal measures and coaly mudstones are the source rocks 
for the majority of Taranaki petroleum discovered thus far; these source rocks typically have 
TOC content and Hydrogen Index values of 2 to 75% and 200 to 400 mg HC/g, respectively 
(MBIE, 2014). Basinwide, the average TOC content of coals and carbonaceous mudstones is 
about 10% (King & Thrasher, 1996). The coaly source rocks were affected by varying degrees of 
early marine inundation (King & Thrasher, 1996; Sykes et al., 2013). Sykes et al. (2013) found 
that, ceteris paribus, a greater marine influence results in higher TOC content and total (C6+) 
potential; the Late Eocene Mangahewa Formation (Figure 2.6) contains marine-influenced coals 
that are the main source of waxy paraffinic oils of the McKee Field and other northeastern 
Taranaki Peninsula fields. Source rocks are also found in Cretaceous and Paleocene marine 
shales (MBIE, 2014). In the lesser explored Northern Taranaki Basin, Late Cretaceous to 
Paleocene Taniwha and Rakopi coals (Figure 2.6) are postulated to be the main source rocks, 
along with the Late Paleocene Waipawa Formation (Figure 2.6), an organic-rich marine shale 
(Uzcategui et al., 2015). Oil from the Kora field (Figure 1.3) in the Northern Taranaki Basin is 
correlated with the Waipawa Formation; it is currently the only proven non-coaly source rock in 
the basin (Sykes et al., 2013).  The Deepwater Taranaki area source rocks are expected to be 
Rakopi Formation and Taranaki Delta (Figure 2.6) coals and transgressive pro-delta shales, with 
higher gas expulsion from the lower delta units and more oil-rich fluids expelled from the upper 
delta units (Uruski, 2007; Rad, 2015). 
Geothermal gradients vary throughout the basin and average 29°C/km (King & Thrasher, 
1996). In strongly uplifted southern areas the geothermal gradient reaches highs of 32-38°C/km,  
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Figure 2.14: General Taranaki Basin petroleum system. Not all listed reservoirs are currently 
producing on the chart are necessarily producing reservoirs. Taken from MBIE (2014). 
 
while in the Kupe-Toru area the geothermal gradient reaches lows of 24-25°C/km (King & 
Thrasher, 1996). Compared to other convergent margins, the Taranaki Basin is relatively cold. 
While the average surface heat flow of other active margins at a similar distance from the 
volcanic arc is 75-80 mW/m2 (Hyndman et al., 2005), the average surface heat flow in the 
Taranaki Basin is 59 mW/m2 (Kroeger et al., 2013). The primary factor in heat flow variation in 
the basin is the nature of underlying basement terranes; Kroeger et al. (2013) found that present-
day surface heat flows vary by as much as 30 mW/m2 due to the difference in crustal heat 
generation between mafic and felsic basement terranes.  Of secondary importance are Neogene 
crustal thickening and inversion, high rates of Neogene burial and sedimentation, subsidence, 
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and other factors; together, secondary factors account for another 10 mW/m2 in surface heat flow 
variability (Kroeger et al., 2013). The Taranaki Basin surface heat flow is on the low end of 
estimates of continental surface heat flow, which average 60-65 mW/m2 (Kroeger et al., 2013 
and references therein). Kroeger et al. (2013) proposed that subduction-related advection heat 
flow has yet to be fully manifested in the Taranaki Basin due to the subduction zone’s relatively 
young age, and is only now beginning to reach the surface. 
Rapid burial by thick successions of Neogene mudstones with intercalated turbidite 
sandstones raised the maturity level of Cretaceous and Paleogene source rocks sufficiently to 
generate hydrocarbons (MBIE, 2014). In general, the required present-day depth of burial of 
source rocks for oil expulsion is likely 4000 to 4500 m (MBIE, 2014). Mature kitchen areas are 
typically restricted to the Northern Graben and deeper sub-basins of the Western Platform 
(Stagpoole & Funnell, 2001). Hydrocarbon expulsion from the Rakopi Formation most likely 
began in deep, isolated sub-basins during the Eocene, and increased during the Pliocene in 
response to deposition of the Giants Foresets Formation (Stagpoole & Funnell, 2001). Modeling 
performed by King & Thrasher (1996) indicates that the Waipawa Formation began generating 
and expelling hydrocarbons in the Late Miocene.  In the Deepwater Taranaki Basin, much of the 
Rakopi Formation is at or above the oil expulsion window (MBIE, 2014).  
Hydrocarbon maturation and expulsion is partially controlled by Middle-Late Miocene 
magmatism in the Cape Egmont Fault Zone and Northern Graben (Stagpoole & Funnell, 2001). 
Thermal modeling undertaken by Stagpoole & Funnell (2001) indicates that Late Cretaceous 
source rocks near large magmatic intrusions became fully mature during magmatism; these 
source rocks were unaffected by later burial by the Giant Foresets Formation, as they were 
already mature.  
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Petroleum discoveries have been made in all potential reservoir levels except for 
Cretaceous strata (King & Thrasher, 1996; MBIE, 2014). The Taranaki Basin contains producing 
reservoirs of Paleocene to Pliocene ages (MBIE, 2014). Typically, Paleogene reservoirs produce 
oil and gas-condensate, while Neogene reservoirs produce oil (King & Thrasher, 1996). Stacked 
reservoirs are common in the Kapuni, Kauri/Rimu, and Maui fields (Figure 1.3) (MBIE, 2014). 
The Farewell, Moki, Kaimiro, and Tikorangi Formations (Figure 2.6) have historically been the 
most prolific reservoirs in the basin (MBIE, 2014). Reservoirs of varying quality exist in Late 
Cretaceous to Eocene terrestrial, paralic, and near-shore sandstones, as well as in turbidites, 
Oligocene limestones, and Miocene volcaniclastics, among others (MBIE, 2014). The North 
Cape Formation, Late Miocene channel sands, and sands in the Taranaki Delta and Rakopi 
Formation are all potential reservoir targets in the Deepwater Taranaki Basin (Uruski, 2007) 
(Grahame, 2016). Anadarko’s Romney-1 exploration well, however, failed to find significant oil 
or gas in the Deepwater Taranaki Basin (Rad, 2015).  
Late Cretaceous to Neogene mudstones provide intraformational seals and topseals for 
different reservoirs throughout the basin (Figure 2.14) (King & Thrasher, 1996; MBIE, 2014). 
The Oligocene Otaraoa Formation (Figure 2.6) is associated with the transition from normally 
pressured to overpressured zones in the northeastern region of the study area (Webster et al., 
2011). Seals may also be present in Oligocene and Early Miocene limestones (e.g. the Tikorangi 
Formation) (Webster et al., 2011), provided they were not fractured during Neogene tectonism 
(MBIE, 2014).  Poor seal integrity may explain why Neogene-age reservoirs primarily hold oil, 
as mudstones at relatively shallow depths may not be sufficiently compacted to halt upward gas 
diffusion (King & Thrasher, 1996). Limited compaction likely also limits the volume of oil 
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accumulations in some parts of the basin; Giant Foresets Formation mudstones are only capable 
of confining a 120 m hydrocarbon column (King & Thrasher, 1996).  
So far, petroleum exploration companies have targeted four-way dip closures, horsts, 
rotated fault blocks, foreland folds and detached thrust sheets along the eastern edge of the basin 
(MBIE, 2014). The largest fields discovered so far are trapped in inversion structures, and most 
of these structures have been drilled during the past five decades (MBIE, 2014). The formation 
of Neogene inversion structures and normal fault blocks coincided with peak maturation and 
expulsion of hydrocarbons (Grahame, 2015), although charging of some traps (e.g. those 
associated with volcanic areas in the Northern Graben) is probably ongoing (Stagpoole & 
Funnell, 2001). Sealed volcanic cones and associated aprons also provide traps; production from 
the Kora field (Figure 1.3) has proven this trap type in the Taranaki Basin (Stagpoole & Funnell, 
2001). 
International exploration companies are increasingly focusing on further offshore areas, 
such as the Deepwater Taranaki Basin, where new discoveries are anticipated (MBIE, 2014). 
Deepwater New Zealand basins may be more oil-prone than previously explored areas; in 
addition to in situ coaly rocks, successions of turbidites may have entrained coaly kerogen 
(MBIE, 2014). Lacustrine organic-rich shales may also be effective source rocks in the 








Seventy-one publicly available 2D surveys were acquired from New Zealand Petroleum 
& Minerals (NZPAM), and 2D lines from those surveys (Figure 3.1) were used to build the 12 
regional transects interpreted in this study (Figure 3.2). The 12 regional transects were created 
using the same constituent 2D lines utilized by Strogen et al. (2014). The southeasternmost 2D 
line on transect OTS-10, ‘nu-26’, was not available, so it was replaced by two nearby, similarly 
oriented 2D lines. Otherwise, the regional transects used in this study and the Strogen et al. 
(2014) study are identical.  The data were converted to display seismic reflectors in “American 
red” polarity, which displays acoustic impedance increases as red peaks and acoustic impedance 
decreases as blue troughs.  
The 2D line quality and consistency varied considerably between surveys, resulting in 
inconsistent reflector appearances and amplitude ranges across each regional transect (Figure 
3a). In order to improve the regional transects’ utility as a subsurface interpretation tool, all 2D 
lines constituting the regional transects were realized and normalized across each transect. While 
the initial transects were typically motley concatenations of tatterdemalion 2D lines (Figure 
3.3A), the final products of the realization and normalization steps more closely resembled a 
single, coherent 2D seismic line (Figure 3.3B). The process of realization creates a new 2D line 
with a user-defined standard amplitude range, effectively resulting in a 2D line with reflectors 
that more readily reveal stratal continuity and termination geometry. Structurally smoothed 




Figure 3.1: Location of wells and 2D and 3D seismic data used in this study. 
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Figure 3.2: Twelve regional transects that form the basis of restored lines in this study. Modified 





otherwise discontinuous seismic resolution; the process reduces background noise and increases 
the continuity of seismic reflectors by applying Gaussian smoothing to reflectors parallel to the 
estimated bedding orientation. The structurally smoothing process was particularly helpful for 
interpreting deeper sections near the basement.  
Three 3D seismic surveys were also included in the study; the seismic surveys were 
primarily used for interpreting faults through areas of higher structural complexity. The Parihaka 
and Tui 3D volumes contain lines spaced at 12.5 m, and the Kahu 3D volume contains lines 
spaced at 25 m. The 2D surveys contain lines spaced from around 500 m to 20 km. All seismic 
and well data were loaded into Schlumberger’s Petrel (2016), where they were interpreted.   
3.1 Well Data 
Data from 55 wells were acquired from NZPAM. The majority of bio- and 
lithostratigraphic well tops were derived from final well completion reports and biostratigraphic 
analyses provided by NZPAM and GNS Science. In some cases, published interpretations 
(Hansen & Kamp, 2006; Roncaglia et al., 2013; Strogen et al., 2014; Salazar et al., 2016) were 
used to select well tops. The tops for two horizons occurring at 1.8 Ma and 2.45 Ma within the 
Giants Foresets Formation were adapted from Salazar et al. (2016). In at least one well, 
biostratigraphic tops occurred over a depth range. The biostratigraphic tops in the Romney-1 
well varied by either 3 m or 9 m (Rad, 2015). In this study, the well tops were calculated as the 
average of the upper and lower estimates of biostratigraphic zone depths. Foraminiferal data 
were primarily used for assigning well tops between depths of 2374.5 m and 3510.5 m in the 
Romney-1 well. Foraminiferal samples below 3510.5 m lacked age-diagnostic taxa (Rad, 2015), 
so palynological data were used for assigning well tops below 3510.5 m. The Romney-1 well is a  
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Figure 3.3: Shelf and shelf edge portion of regional transect OTS-5 (a) before and (b) after being 
realized and structurally smoothed. The constituent lines display variable amplitude ranges 
before the process of amplitude normalization across the regional transect. 
 
key source of data, as it is the only well drilled in the Deepwater Taranaki portion of the study 
area. 
Time-depth relationship data were largely sourced from NZPAM and GNS Science 
reports and publications, along with well completion reports. A checkshot survey was not 
performed when the Waka Nui-1 well (Figure 3.1) was drilled, so the time-depth relationship 
published by Stagpoole (2011) was used in this study; the time-depth relationship was derived 





3.2 Study Area Extent 
 The focus of this study is the Taranaki region. The study area boundaries contain the 
NW-SE regional transects published by Strogen et al. (2014), so the southwest and northeast 
boundaries run parallel to the southwesternmost (OTS-1) and northeasternmost (OTS-9) regional 
transects. The southwestern boundary of the study area cuts off the southern ends of the 
primarily N-S oriented transects (OTS-4, OTS-5, and OTS-12). While the cut-off portions of 
those transects were interpreted, they were excluded from the study area because they are do not 
include cross-sections that were restored, plus they would add additional, unnecessary volume to 
an already data intensive series of velocity modeling calculations. The western boundary of the 
study area captures the western ends of the regional transects. The eastern edge of the study 
boundary ends at the footwall of the Taranaki Fault; restoring the Taranaki Fault was deemed to 
be beyond the scope of this study, as it was restored by Tripathi & Kamp (2008) in great detail 
using outcrop data and other methods. The study area bounds the coastline around the Taranaki 
Peninsula (Figure 3.1). The study area does not contain onshore data because: 1) there are many 
breaks between onshore and offshore seismic surveys, 2) the onshore surveys are typically of 
lower quality and were collected along randomly oriented, curved lines, and 3) the volcanic 
material of Mt. Taranaki, located on the Taranaki Peninsula, obscures the underlying strata, 






SEISMIC INTERPRETATION AND MODELING 
 The following chapter describes the seismic interpretation methodology employed in this 
study, as well as the velocity modeling used to convert from the time to depth domain. Isopach 
and horizon maps are also presented. 
4.1 Seismic Horizon Naming Convention 
The seismic horizon naming convention used in this study is taken from the Strogen & 
King (2014) framework (Figure 4.1), which attempts to create a standard Zealandia-wide naming 
convention benchmarked to Zealandia-specific biostratigraphic stage boundaries. Absolute ages 
for the seismic horizons can be determined by correlating to, or interpolating between, 
biostratigraphic stage boundaries on the New Zealand timescale. These biostratigraphic events 
tie to seismic stratigraphic tops, which contain a one-letter prefix and two numbers. The first 
letter denotes the geologic period (e.g. K for Cretaceous, P for Paleogene) and the two following 
numbers indicate the horizon’s relative age within the geologic period. The numbers are assigned 
from the bottom up sequentially within each geologic period.  P00, for example, corresponds to 
the oldest, or basal, Paleogene reflector, while P50 is close to the middle of the Paleogene stratal 
succession.  
4.2 Horizon Interpretation Methodology 
Following a sedulous inspection of the seismic profiles, the sedimentary succession was 
partitioned into packages (Figures 4.2 and 4.3) associated with key structural events. The seismic 
horizons selected and interpreted in this study bound those partitioned sediment packages. The 




Figure 4.1: New Zealand timescale with seismic stratigraphic horizons used in this study in red 
boxes. Age dates are derived from biostratigraphic data. Biostratigraphic age dates are used to 










Figure 4.3: Interpreted regional transect OTS-8 displayed in two-way travel time (TWT).
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Table 4.1: Interpreted seismic horizons in this study. A confidence level of 6 is perfect, while a 
confidence level of 1 indicates that the horizon was speculatively picked in the study area. 
 
 
Horizons between K80 and the basement were not interpreted because they were not 
encountered in any study area wells. Horizons P40 and P22 were excluded because they occur 
within a post-rift thermal subsidence period of the basin history (King & Thrasher 1996; Reilly 
et. al, 2015) and did not provide any diagnostic information about the basin’s 
tectonostratigraphic history. N05 was not included because its biostratigraphic well ties are 
sparse and the horizon occurs within the P50-N15 interval, which becomes very thin in distal 
parts of the basin. N38 was added to the stratigraphic framework because previous research 
(Giba et al., 2010; Strogen et al., 2014) places the N38 horizon at the beginning of back-arc 
related extension onset in the North Taranaki Basin (Figure 4.4). N50 was excluded because it 
was deemed less diagnostic of the basin’s tectonostratigraphic history than other Neogene 
horizons, and is difficult to correlate into the Deepwater and Northern Taranaki Basins. N64 was 
included based on its abundant well ties and because it generally occurs at the base of the Giant 
Foresets Formation (Figures 4.5 and 4.6). Quaternary horizons (e.g. Q30, Q25, and Q05) were 
added to the stratigraphic framework in an attempt to correlate the results of this study with the 
Seismic Horizon Phase NZ Age Unit Age (Ma) Confidence (1-6)
Seafloor Peak Present 0 6
Q30 Peak Wc-Wn Boundary ~1.63 2
Q25 Peak Late Wn ~1.8 2
Q05 Trough Wn-Wm Boundary ~2.45 2
N64 Peak Intra Wo ~4.5 4
N38 Peak Intra Sw ~12 4
N15 Peak Intra Po ~20 5
P50 Peak Early Lwh ~30 5
P10 Peak Dt-Dw Boundary ~56 3
P00 Trough Mh-Dt Boundary ~66 3
K96 Peak Intra-Late Mh ~68 2
K90 Trough Late-Early Mh Boundary ~74 2
K80 Peak Early Mh to Mp ~83 1





























results of King (2017), whose work detailed compression during the past five million years (see 
Chapter 6). The horizons were picked primarily using biostratigraphic well tops. In wells where 
biostratigraphic tops were unavailable, lithostratigraphic tops were utilized; for example, in 
deepwater and distal shelf areas, the Turi Formation corresponded to Late Eocene 
biostratigraphic markers representing the P50 seismic horizon. Published interpretations (e.g. 
Giba et al., 2010; Bache et al., 2014; Strogen et al., 2017) were referenced in cases of 
inconsistent bio- and lithostratigraphic tops between wells. 
 The Plio-Pleistocene biostratigraphy is not well constrained, as biostratigraphic studies 
were not performed on all the study area wells. Moreover, there are gradational changes in the 
age-diagnostic Plio-Pleistocene foraminifera. For example, the depth to the 3.6 Ma stage 
boundary in the Waka Nui-1 well depends on picking the point at which Globorotalia 
puncticulata evolved to Globorotalia inflate; the depth range in the Waka Nui-1 well is about 50 
m (Strong et al., 1999). The Plio-Pleistocene horizons are picked with higher confidence on the 
shelf, where the biostratigraphic picks generally tie between the wells, and are picked with less 
confidence in the deepwater area, where biostratigraphic picks are absent. The reflectors cannot 
be easily traced over the shelf margin, as there are numerous submarine channel incisions and a 
panoply of deepwater sediment transport deposits that obliterate seismic continuity.  
4.3 Fault Interpretation 
 The primary control on fault interpretation is seismic reflector discontinuity. 
Discontinuities in stratigraphic packages were typically ascribed to fault activity, although 
igneous bodies were also responsible for some horizon discontinuities. Basement-involved faults 
were less confidently picked due to the low seismic resolution at deeper depths. Faults 
exclusively offsetting basement and Cretaceous sedimentary layers were the least confidently 
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picked faults in the study area, especially in the Deepwater Taranaki area. The location of 
basement-offsetting faults was aided by the appearance of growth strata towards an interpreted 
fault. Published maps with interpreted fault locations (e.g. Strogen et al., 2014b) were useful for 
interpreting faults in areas of low seismic continuity, as well as across areas of low 2D seismic 
coverage. Many faults could not be correlated between 2D lines; in the Deepwater Taranaki 
Basin and other areas of sparse seismic coverage (e.g. the Challenger Plateau on transects OTS-1 
and OTS-6 [Figures 4.7 and 4.8]), faults were interpreted on the regional transects as fault sticks 
only (Figure 4.9). 
4.4 Velocity Modeling 
 The faults and horizons in the study area were initially interpreted on seismic profiles 
displayed in two-way travel time (TWT). In order to produce geologically reasonable 
restorations, the interpretations in TWT must be converted to depth. Using checkshots and time-
depth relationships derived from sonic logs, the faults and key horizons can be converted into the 
depth domain. To depth convert interpretations in the time domain, a velocity model must be 
built that can honor well data and produce geologically reasonable surfaces. 
Much of the previous work in offshore New Zealand (Hill & Milner, 2012; Bucker, 2016; 
King, 2017) employed a ‘layer-cake’ interval velocity model to seismic interpretations, or 
applied a multiplier grid to the ‘layer-cake’ model to correct for anomalously high regional 
velocity discrepancies (Arnot & Bland, 2016). Existing Taranaki Basin velocity models are 
typically confined to smaller subdivisions of the study area, especially within the Southern 
Taranaki Basin, and tend to be specialized for a particular petroleum field (Hill et al., 2013; 
Qadri et al., 2017). Within each mapped interval in this study, there are significant lateral 























Figure 4.9: Oblique view of interpreted faults in the study area. Polygons represent faults that 
were either correlated between 2D lines or interpreted within one of the 3D volumes included in 
this study. Sticks represent faults that were only interpreted on the 12 regional transects. Green 




and/or uplift histories (Figure 4.10). A velocity model attempting to use a single interval velocity 
function for each mapped interval would likely result in unacceptable discrepancies between the 
horizon depths and their well ties. This study attempts to create a single velocity model that 
covers the entire study area following the steps in Figure 4.11. 
 
Figure 4.10: Interval velocities in wells from geologically distinct areas of the study area. The 




Figure 4.11: Velocity modeling workflow used in this study. Each step requires quality control 
procedures to ensure geologically reasonable results are being generated. 
 
 
Fourteen interpreted horizons were converted to surfaces with a 300 m2 grid size and 
added to a gridded structural model in Petrel (2016). The horizons defined the boundaries of 
intervals, which were subdivided into as many as 20 layers. Interval velocities from the wells, 
which contained data at the scale of well log sample densities, were upscaled to the model’s grid 
resolution before being added to the model. The interval velocities were averaged within each 
interval layer and interpolated across the study area. The resulting model was used to generate a 
Convert Horizons to Surfaces
Generate 3D Model
Create Velocity Seismic Volume
Convert Surfaces from Time to Depth
Upscale Interval Velocities From Wells
Interpolate Well Data
Calibrate Depth-Converted Surfaces to 
Well Tops
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realized, structurally smoothed seismic volume containing interval velocities (Figure 4.12); this 
seismic volume was subsequently used to depth-convert the seismic transects and interpretations 
(Figure 4.13).  
A total of 45 wells were used in the velocity model. Not all wells used for the initial 
seismic interpretation were used in the velocity model. The excluded wells were either located 
outside of the study area or penetrated multiple basement intervals associated with the Taranaki 
Fault Zone. After the process of interval velocity interpolation, velocities derived from basement 
material could result in geologically unreasonable depth-converted features nearby, so those 
wells were excluded from the velocity model. 
The velocity model is no time-to-depth panacea. Within the model, the greater the 
distance from an interpreted 2D line or a well, the less geologically reasonable the model 
becomes. Not all 2D lines in the study area were interpreted, and some 2D lines were more 
useful for picking certain horizons than others, so they were only partially interpreted. The 
regional transects were the focus of the seismic interpretation phase, and the model is most 
reliable where 2D lines contain interpretations of all the picked horizons. When Petrel creates 
surfaces from picked horizons, it interpolates between gaps in the picked horizons. Structures 
that exist outside of seismic surveys, or that are imaged by 2D lines that were not interpreted, 
may be transected by modeled surfaces that do not match the true geologic features. It is the 
modeled surfaces that form the armature of model, as it is within these bounding surfaces the 
















4.5 Mapped Horizons and Intervals 
 The following sections contain maps and descriptions of the 14 interpreted horizons in 
this study. Each is presented sequentially from the youngest to oldest. Additionally, isopachs 
between each mapped interval are also presented.  
4.5.1 Seafloor-Q30 Interval 
 The seafloor (Figure 4.14) is picked on a peak and is the horizon picked with the highest 
level of confidence. The seafloor is incised by numerous submarine channels along the shelf 
margin. The most prominent bathymetric feature in the study area is the Aotea Seamount, a 
ENE-trending mid-Miocene volcano that is approximately 11 km wide and 50 km long 
(Grahame, 2016). Otherwise, there are no salient bathymetric features associated with recent 
tectonism.  
 The material between the seafloor and the Q30 horizon (Figure 4.15) is generally 
comprised of poorly consolidated sands and muds. There are no bio- or lithostratigraphic events 
in the well data that allow for a finer differentiation of the Seafloor-Q30 interval. The interval is 
thickest along the present-day shelf margin where it forms thick (up to 1 km) progradational sets 
in the Giant Foresets Formation. The interval slightly thickens into the Central and Northern 
Grabens, likely reflecting deposition during fault movement in the grabens.  
4.5.2 Q30-Q25 Interval 
 The Q30 horizon (Figure 4.16) is picked on a peak and represents a mid-Pleistocene 
surface deposited at about 1.63 Ma. The Q30 horizon corresponds to the Castlecliffian-
Nukumaruan stage boundary on the New Zealand geological time scale (Figure 4.1). Near the 
coast, the horizon is close to the seafloor, especially in the areas of recent uplift (e.g. the 
Northeast Taranaki Basin) or areas of structural inversion (e.g. the southern edge of the study  
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Figure 4.14: Seafloor horizon topography displayed in depth.  
 
area). It is included in the prograding foresets of the Giant Foresets Formation at the shelf edge, 
where it is incised by submarine channels and occasionally obscured by mass transport deposits 
and slump features. Specific biostratigraphic tops for the Castlecliffian-Nukumaruan boundary 
(Figure 4.1) are sparse, and occur in only nine wells, so the horizon is primarily picked based on 
seismic continuity throughout the study area. The horizon is less confidently picked in the 
N 
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Deepwater Taranaki Basin since the biostratigraphic results for the Romney-1 and Waka Nui-1 
wells contain age dates for the Miocene and Pliocene at the latest, respectively. On the shelf, the 
horizon reaches lows in the Northern and Central Grabens; the lows are associated with still-
active normal faulting in the grabens. 
Figure 4.15: Seafloor-Q30 isopach. The interval is thickest at the shelf margin, where it includes 




















Figure 4.17: Q30-Q25 isopach. Dubious thickening at the northwest end of OTS-3 is based on 






The Q30-Q25 interval (Figure 4.17) contains unconsolidated to weakly consolidated fine-
grained material belonging to the Giant Foresets Formation. The interval thins distally and is 
thickest along the shelf margin, where the Q30 and Q25 horizons bound progradational foresets. 
The foresets contain silty muds, sandier units, and cycles of fining and coarsening upward 
material. The Q30-Q25 interval contains a synrift package in the Central Graben that thickens 
towards the Cape Egmont Fault on OTS-7 (Figure 4.6). Figure 4.17 displays a depocenter in the 
Wanganui Basin, which has undergone subsidence during the Plio-Pleistocene (Anderton, 1981). 
Thickening of the interval in the northwest corner of the isopach map may be an artifact of the 
OTS-3 interpretation; the northwestern edge of OTS-3 represents the only seismic coverage in 
the area, and a large portion of Plio-Pleistocene sedimentary succession is attributed to the Q30-
Q25 interval on the interpretation. Subsequent intervals (e.g. Q25-Q05, Q05-N64) may actually 
be thicker than interpreted in the northwestern corner of the study area.  
4.5.3 Q25-Q05 Interval 
 The Q25 horizon (Figure 4.18) is picked on a peak and represents a 1.8 Ma, intra-
Nukumaruan (Figure 4.1) surface. The Q25 horizon, like the younger Q30 horizon and the older 
Q05 horizon, occurs within the Giant Foresets Formation. The Q25 well top is specifically found 
in three wells (derived from the well tops used by Salazar et al., 2016), and is otherwise picked 
between the Nukumaruan and Mangapanian well tops. The Q05 horizon reaches lows in the 
Central Graben than Northern Graben, which likely reflects continued faulting in the Central 
Graben after its deposition.  
 The Q25-Q05 interval (Figure 4.19) is thickest within the progradational portion of the 


























of OTS-9 and OTS-3) part of the study area, which has experienced recent uplift. The interval 
does not occur in the southern part of the study area (e.g. the Tasman Ridge portion of OTS-1), 
where it is not described in the well completion reports. The interval thickens into the Northern 
and Central Grabens, but the thickening is less prominent than in the case of the Q30-Q25 
interval.  
4.5.4 Q05-N64 Interval 
 The Q05 horizon (Figure 4.20) is picked on a trough and represents a 2.45 Ma surface. 
The Q05 well top is found in four wells (derived from the well tops used by Salazar et al., 2016), 
and is otherwise picked along the top of the Mangapanian (Figure 4.1) biostratigraphic event. 
The Q05 horizon occurs within the Giant Foresets Formation and is picked along seismically 
prominent clinoforms on the regional transects. The Q05 horizon is both a downlap and toplap 
surface within the Giant Foresets Formation. The horizon deepens into the Central and Northern 
Grabens, which have been affected by normal faulting.  
 The Q05-N64 interval (Figure 4.21) thins into the Deepwater Taranaki Basin and is 
generally thickest on the shelf and shelf margin, especially in the Northern Graben and within the 
progradational portion of the Giant Foresets Formation. The increased thickness into the 
Northern Graben suggests deposition during fault movement in the graben. The interval is mostly 
absent in the northeastern, uplifted part of the study area (e.g. the eastern edges of OTS-3 and 
OTS-9). In the Wanganui Basin (e.g. OTS-1 and OTS-6), portions of the interval lie 
unconformably on the basement. Within the Wanganui Basin, it reaches its greatest thickness in 
the northern part of the basin; this greater thickness in the north is consistent with north-to-south 
propagation of the Wanganui Basin subsidence (Anderton, 1981), as younger depocenters are 




















4.5.5 N64-N38 Interval 
 The N64 horizon (Figure 4.22) is picked on a peak and forms a downlap surface on 
regional transects OTS-3 and OTS-8. The N64 horizon is a roughly 4.5 Ma surface. Further 
south (e.g. on OTS-7) the N64 horizon is included in the progradational clinoform sets within the 
Giant Foresets Formation. In the north and west parts of the study area, the N64 horizon is 
picked on the Ariki Formation. The N64 horizon descends into the Central and Northern 
Grabens, where it reaches fault-controlled lows.  
 The N64-N38 interval (Figure 4.23) is a Late Miocene to Pliocene interval. It contains the 
marls of the Ariki Formation, as well as Mangaa Formation basin floor deposits in the Northern 
Graben (Strogen et al., 2014). The unit thins distally. Towards its base, the N64-N38 interval 
contains the volcaniclastic material of the Mohakatino Formation in the northern part of the 
study area. The N64-N38 interval is thickest on the shelf edge and shelf, especially in the 
Northern and Central Grabens, and thins in the northeastern section of the study area. The 
interval lies unconformably on the basement in the Wanganui Basin, where it is the oldest 
sedimentary unit. In the southern portion of the study area the interval thins above inversion 
features due to uplift and erosion (e.g. on the Tasman Ridge on OTS-1). The interval forms a 
thick progradational wedge to the west of the Tasman Ridge (Figure 4.7).  
 4.5.6 N38-N15 Interval 
 The N38 horizon (Figure 4.24) is a mid-Miocene (c. 12 Ma) surface that was deposited 
during the onset of back-arc extension in the study area. It is picked on a peak. The N38 horizon 
is not seismically prominent but does appear in all of the study area wells. The N38 horizon 























The N38-N15 interval (Figure 4.25) includes shelf and slope mudstones of the Manganui 
Formation and the sandstones of the Moki Formation. The interval thins distally, especially on 
the western ends of OTS-1 and OTS-6 as it reaches the Challenger Plateau. The proximal-to-
distal thinning trend along the NW-SE transects is less pronounced on transects OTS-3, OTS-8, 
and OTS-9, which all image the Deepwater Taranaki Basin. The N38-N15 interval thickens 
towards the Taranaki Fault System, which includes the Taranaki Fault and the Manaia/Waimea-
Flaxmore Faults. The interval appears to maintain its thickness through the Northern Graben.  
4.5.7 N15-P50 Interval  
 The N15 horizon (Figure 4.26) is picked on a peak and represents a conformable surface 
deposited at around 20 Ma throughout the study area. The N15 horizon occurs in all the wells in 
the study area and can be confidently picked on the regional transects. The N15 horizon reaches 
lows in the Central and Northern Grabens as a result of later fault activity.  
 The N15-P50 interval (Figure 4.27) is characterized by the marls, limestones, and 
calcareous mudstones of the Taimana, Tikorangi, and Otaraoa Formations. The interval’s 
lithology is manifested by bright seismic reflectors and higher interval velocities throughout the 
study area. The interval becomes very thin in the basin portion of the study area, where it 
represents a condensed section deposited during maximum flooding of Zealandia (Strogen et al., 
2014b). The interval thickens and contains more clastic material in the southeastern part of the 
study area, where a foredeep developed to the west of the Taranaki Fault System; clastic input in 
the basin was likely preferentially trapped in sub-basins close to the foredeep, restricting 








Figure 4.24: N38 horizon topography displayed in depth. Abbreviations: CG: Central Graben; 




















Figure 4.26: N15 horizon topography displayed in depth. Abbreviations: CG: Central Graben; 














Rapid deepening of the basin extended beyond the Taranaki Fault System, and may reflect a 
lithospheric response to the contemporary development of the Hikurangi subduction zone 
(Strogen et al., 2014b). The top of the N15-P50 interval marks the onset of regression, increased 
regional uplift, and a decline in deposition of carbonate material in the basin (Strogen et al., 
2014b).  
4.5.8 P50-P10 Interval 
 The P50 horizon (Figure 4.28) is picked on a seismic peak and represents a Late Eocene 
to Early Oligocene (~30 Ma) unconformity or paraconformity throughout large parts of the 
Southern Taranaki Basin. In the Northern Taranaki Basin, the P50 horizon is generally 
conformable. In some areas, especially portions of the Deepwater Taranaki Basin near the 
Romney-1 well, the P50 horizon is an onlap surface. The top generally corresponds to the top of 
the Turi Formation and can be confidently picked based on its presence in nearly all of the wells 
in the study area.   
The P50-P10 interval (Figure 4.29) was deposited during passive thermal subsidence 
(Strogen et al., 2014) and includes the Turi and Tangaroa Formations. The P50-P10 also includes 
the Maui Formation in proximal parts of the Northern Taranaki Basin. The interval encompasses 
all of the Eocene strata in the basin, which are generally characterized by low amplitude, 
continuous seismic reflectors. The interval contains non-marine coaly facies in the south and 
east, which become sandier, marginal- to shallow-marine facies in the northwest (Strogen et al., 
2014b). The unit is thickest on the Northern Taranaki Basin shelf and thins distally into the 











Figure 4.28: P50 horizon topography displayed in depth. Abbreviations: CG: Central Graben; 




Figure 4.29: P50-P10 isopach.  
 
4.5.9 P10-P00 Interval 
 The P10 horizon (Figure 4.30) is picked on a peak and represents the Eocene-Paleocene 
boundary. The P10 horizon is located at the top of a seismic package characterized by low 
reflector continuity and amplitude. The P10 horizon corresponds to the top of the lower portions 
of the Farewell and Turi Formations. In distal portions of the study area, the P10 horizon 
corresponds to the top of the Tane Member of the Farewell Formation. Not all wells in study area 
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encounter the P10 horizon; some wells reach their maximum depth within the P50-P10 interval 
(e.g. the Turi-1 well on OTS-9) or do not encounter the horizon (e.g. the Tasman-1 well near 
OTS-1, which reached shallow basement on an inversion anticline). The P10 horizon descends 
into fault-controlled lows of the Central and Northern Grabens.  
The P10-P00 interval (Figure 4.31) encompasses the entire Paleocene epoch. The interval 
is generally thin and contains moderate-amplitude, mostly parallel reflectors. In the Southern 
Taranaki Basin, the interval was deposited during the end of the West Coast-Taranaki rift phase, 
and fluvial conglomerates, sandstones, and minor coals belonging to the Farewell Formation 
were deposited in sub-basins (Strogen et al., 2017). In the Northern Taranaki Basin and in distal 
parts of the study area, the interval bows downward, and is associated with a post-rift phase. The 
interval onlaps isolated basement highs. 
4.5.10 P00-K96 Interval 
 The P00 horizon (Figure 4.32) represents the top of the Cretaceous strata and is picked on 
a trough. It corresponds to the top of the North Cape Formation, which is expressed as a 
moderately prominent seismic reflector that tops a low continuity, low amplitude package. It 
onlaps the Challenger Plateau and descends into lows in the Central and Northern Grabens.  
The P00-K96 interval (Figure 4.33) contains transgressive sandstones, mudstones, and 
some non-marine coals in the Southern Taranaki Basin. It is of latest Cretaceous age (about 66 
Ma). In the Deepwater Taranaki Basin, it includes a late post-rift sequence, while on the shelf it 
largely represents synrift material associated with the West Coast-Taranaki rift phase. Strogen et 
al. (2017) note that this interval onlaps further onto the basement than underlying units, which 








Figure 4.30: P10 horizon topography displayed in depth. Abbreviations: CG: Central Graben; 




















Figure 4.32: P10 horizon topography displayed in depth.  Abbreviations: CG: Central Graben; 
















4.5.11 K96-K90 Interval  
 The K96 horizon (Figure 4.34) is picked on a peak and represents a Late Cretaceous (c. 
68 Ma) surface. It corresponds to the top of the Wainui Member of the North Cape Formation, 
which is encountered in 5 wells. The K96 horizon onlaps onto basement highs and is presumed 
to exist in sub-basins on the shelf.  
The K96-K90 interval (Figure 4.35) represents a post-Zealandia rift package in the 
Deepwater Taranaki Basin. The interval contains synrift material on the shelf, which is 
associated with the West Coast-Taranaki rift phase. The interval generally thickens into the 
Deepwater Taranaki Basin. The interval is characterized by low to moderate amplitude, 
subparallel to parallel seismic reflectors. 
4.5.12 K90-K80 Interval  
 The K90 horizon (Figure 4.36) is picked on a trough and represents a surface deposited at 
about 74 Ma. While most extensive in the Deepwater Taranaki Basin portion of the study area, 
the K90 horizon is presumed to exist in sub-basins on the shelf and shelf edge based on similar 
depth and seismic reflector character. Throughout much of the Deepwater Taranaki Basin it 
occurs at the top of a high amplitude, low continuity package of reflectors that correspond to a 
coaly unit encountered in the Romney-1 well. The K90 horizon corresponds to the top of the 
Taranaki Delta in the deepwater areas. On the shelf, the K90 horizon corresponds to the Rakopi 
Formation, which is encountered in 5 wells.  
The K90-K80 interval (Figure 4.37) spans roughly 7 million years (c. 74 Ma to 83 Ma). 
The K90-K80 contains the coarse-grained, non-marine, coal-rich Rakopi Formation (Strogen et 





Figure 4.34: K96 horizon topography displayed in depth. Abbreviations: CG: Central Graben; 



















Figure 4.36: K90 horizon topography displayed in depth. Abbreviations: CG: Central Graben; 
















Taranaki Delta. The Taranaki Delta’s most salient feature is a set progradational sequences that 
propagate towards the north and northwest; this feature is most prominent on OTS-8 (Figure 
4.3). The K90-K80 interval represents synrift material associated with the West Coast-Taranaki 
rift phase. On the shelf, the interval is generally thin and onlaps onto basement highs. The 
interval is thickest in the Deepwater Taranaki Basin. 
4.5.13 K80-Basement Interval 
 The K80 horizon (Figure 4.38) is picked on a peak and is intersected in the Romney-1 
well, where it onlaps onto a basement high. The K80 represents a surface deposited at about 83 
Ma. The K80 horizon occurs in the Deepwater and Northern Taranaki Basins, and is also 
mapped into the Northland Basin at the northern end of the study area. Its placement is the most 
consistently speculative of all the mapped horizons due the low seismic resolution at depth and 
the lack of well control. The K80 horizon is picked below the Taranaki Delta progradational 
sequences.  
In the Romney-1 well, the K80-Basement interval (Figure 4.39) contains non-marine, 
shallow marine, and shelfal siltstones and sandstones (Schiøler et al., 2014). The interval 
contains late and early Zealandia synrift strata with highly reflective units that are likely to be 
marginal to non-marine facies (Strogen et al., 2017). Previous researchers (Uruski, 2008; Strogen 
et al., 2017) divided the K80-Basement interval into two seismic units: an early synrift (c. 105-95 
Ma), likely terrestrial unit, and a later (c. 95-83 Ma), marine transgressive unit. The distinction 
between the two units is not made in this study because the early-to-late synrift transition point is 




4.5.14 Basement Horizon 
 The basement horizon (Figure 4.40) is picked on a peak. The basement is composed of a 
variety of accretionary terranes, Mesozoic intrusives, and other rocks described in the 
stratigraphy section (Chapter 2) of this study. At the northern edge of the study area, the 
Murihiku Supergroup rocks are included in the basement. The basement is the most difficult 
horizon to pick throughout the study area. While relatively easy to interpret along basement 
highs, the basement becomes difficult to discern within the deeper portions of the Deepwater 
Taranaki Basin and at the base of more proximal sub-basins. In most cases, the lowest 
continuous reflector was picked as basement. Prominent reflections underlying wedge-shaped 
reflector packages were inferred to be at or near the basement. Figure 4.40 displays the basement 
and Aotea Seamount as a combined surface since the two were combined for velocity modeling 
purposes  
4.6 2D Modeling 
 All depth-converted horizons and faults were transferred from Petrel to Midland Valley’s 
Move (2017) software. Faults with less than 50 m of displacement were removed. Horizon 
irregularities deemed unrelated to structural events (e.g. channel features) were smoothed out. 
Most minor (<10 km wide) volcanic features were also removed, as they were determined to be 
inconsequential vis-à-vis strain calculations, although is it possible that faults underlying any 
volcanic features were not captured on the restorations.. See Chapter 5 for the depth-converted 






























Figure 4.40: Basement horizon topography displayed in depth.  Abbreviations: AS: Aotea 
Seamount; CG: Central Graben; NG; Northern Graben; Pakawau Sub-Basin; TR: Tasman Ridge; 








 All restorations were performed in Midland Valley’s Move (2017). Structural restorations 
apply a sequential process of retrodeformational changes to a geologic cross-section (Fossen, 
2010). The goal of a restoration is to generate a balanced cross-section, where ‘balanced’ is 
defined as being both geologically admissible (structures are geologically reasonable with 
respect to each other and the tectonic setting) and restorable (Fossen, 2010). An ideal restored 
section should contain no overlaps, gaps, or fault offsets, and sedimentary layers should be 
unfolded and rotated to their depositional shape (Fossen, 2010). Fault geometry, fault timing, 
horizon offset, flexural isostasy, sediment decompaction, and post-rift thermal subsidence are all 
important factors that need to be considered when performing restorations at the basin scale. In 
this study, three cross-sections were restored: OTS-1, OTS-8, and OTS-9 (Figure 5.1). 
5.1 Methodology 
 Working backward through geologic time, the restoration process reconstructs each 
horizon at its time of deposition. Multiple steps are necessary between each stratigraphic 
interval. This study utilized the following workflow: 
1) Restoration of post-rift thermal subsidence 
2) Decompaction of underlying stratigraphic layers and removal of the highest 
stratigraphic formation 
3) Unfaulting of the top horizon 
4) Unfolding of the top horizon 
5) Addition of eroded strata based on examination of truncated reflectors 
6) Reconstruction of paleobathymetry 
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Figure 5.1: Location of restored lines in this study. Biostratigraphic reports from the labelled 
wells were used for the constraining paleobathymetry during the restorations. Information from 
these wells was also used for estimating lithology percentages. Blue polygon delineates study 
area. 
 
Each step affects the entire cross-section (e.g. unfaulting the top horizon removes some 
or all of the fault offset in the lower horizons). Not all steps were necessary for restoring each 




5.1.1 Restoration of Post-Rift Thermal Subsidence 
 Move allows for the thermal effects of rift-related lithospheric thickness changes to be 
modeled. The main input variables are the rift age, rift duration, lithosphere thickness, and beta 
value. A lithosphere thickness of 100 km is used in this study and is based on the modeling work 
of Pulford & Stern (2004). Lateral beta value variations can be modeled in Move, and were used 
on transects OTS-1 and OTS-8. The beta value (β) describes the degree to which the crust 
stretches during rifting. β is calculated as the initial lithospheric thickness divided by the final 
lithospheric thickness (Fossen, 2010). For example, a β of 1 indicates that no lithospheric 
stretching has occurred. A β of 2 indicates that the lithospheric has thinned by 50%. For the 
OTS-1 transect, a beta value of 1 was used for the Challenger Plateau and Wanganui Basin, 
while a beta value of 1.5 (Baur et al., 2014) was assigned to the Pakawau Sub-basin and 
Southern Inversion Zone (Figure 5.2). A beta value of 2 (Baur et al., 2014) was used for the 
Deepwater Taranaki Basin portion of OTS-8, while the rest of the transect received a 1.5 beta 
value. The deepwater area was affected by the Zealandia rift phase, while the rest of the transect 
was affected by the West Coast-Taranaki rift phase (Strogen et al., 2017). A beta value of 1.75 
was used for OTS-9, as paleogeographic maps (Strogen et al., 2014b) indicated that the transect 
was only weakly affected by Zealandia rift phase faulting, but a 1.5 beta factor would have been 
insufficient to bring the lower stratigraphic intervals to an appropriate paleodepth during later 
restoration stages. The rift ages and durations were based on Strogen et al. (2017), where the 
Zealandia rift phase occurred 105-83 Ma and the West Coast-Taranaki rift phase occurred 78-55 
Ma. Move only allows for one rifting episode to be modeled, so the two rifting events were 
combined for the OTS-8 restoration. 
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5.1.2 Decompaction and Isostasy Variables 
 Flexural isostasy can be modeled in Move by inputting the following three variables: 1) 
Young’s Modulus, which is the constant of proportionality between stress and strain, 2) the 
effective elastic thickness, which is a measure of the lithosphere’s flexural rigidity, and 3) the 
mantle density. In this study, a Young’s Modulus of 70 GPa is used, as it is the Move default and 
no other value could be found in existing Taranaki Basin literature. An effective elastic thickness 
of 25 km is used in this study, and is based on a 20-25 km thickness at the shelf edge (Wood & 
Woodward, 2002) and an estimated 25-20 km thickness in the proximal Taranaki Basin (Stern & 
Davey, 1990). A mantle density of 3350 kg/m3 is used in this study (Pulford & Stern, 2004). 
 The 2D decompaction tool in Move restores the pre-loading volume of stratigraphic 
intervals, and is based on the assumption that an increasing burial depth is accompanied by a 
decrease in porosity. This study uses the Sclater & Christie (1980) method for decompaction, as 
the other methods available in Move are specialized for a variety of shale-dominated systems. 
The decompaction formula is: 
f=f0(e
-cy) 
 Where f is the present-day porosity at depth, f0 is porosity at the surface, c is the porosity-
depth coefficient (km-1), and y is depth (km). Taranaki Basin-specific f0 and c parameters (Table 
5.1) were taken from Funnell et al. (1996) and Baur (2012) for pure lithologies (e.g. coal, 
mudstone, sandstone, siltstone). The Move defaults were used for limestone. 
 Each stratigraphic interval is composed of some mixture of lithology types and requires 
its own unique c and f0 values. To determine the appropriate lithology for each package, 
borehole cutting logs from well completion reports were used. For each transect, lithology data  
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Table 5.1: Taranaki Basin-specific surface porosity (f0) and porosity-depth coefficients (c) for 
pure lithologies. After Funnell et al. (1996) and Baur (2012). 
 
 
from wells occurring on or near the transect were used. In the case of OTS-9, none of the nearby 
wells penetrated the Cretaceous stratigraphic intervals, so the Romney-1 well lithologies were 
used. The K96 and younger intervals were not encountered by wells near OTS-1, so the OTS-8 
lithologies were used for OTS-1. The lithology percentages are listed in Tables A.1-A.3 in the 
Appendix. Move does not allow for lateral lithology changes to be modeled, so the results from 
the wells were averaged for each transect. 
 Intermediate lithologies, or those lithologies that were described with a leading descriptor 
in well reports, were placed in the category with the most predominant reported lithology. For 
example, calcareous mudstones were described as mudstones, and glauconitic sandstones were 
described as sandstones. Marls were categorized as limestones. The basement was set as the base 
of the decompaction calculations and was excluded from decompaction. 
 In the Romney-1 well, 0.67% of the drilled interval is composed of basalt, which was 
ignored for decompaction calculations. Tuff was encountered in 0.76% of the drilled interval, 
and was included in the decompaction calculations as silt, since the tuff occurred within a silty 







 Unfaulting removes the horizon displacement across a fault and results in stratigraphic 
continuity. Three unfaulting algorithms are available in Move that are suitable for restoring 
deformation: fault parallel flow, simple shear, and trishear. Each unfaulting algorithm was 
applied in this study where appropriate.  
 The fault parallel flow unfaulting algorithm derives from the work of Egan et al. (1997) 
and is based on particulate laminar flow over a fault ramp (Midland Valley, 2017). In fault 
parallel flow, the particles in the hanging wall translate along flow lines that are parallel to the 
fault plane (Midland Valley, 2017). The footwall remains undeformed while the hanging wall 
line lengths are preserved. The fault parallel flow algorithm is best suited for modeling hanging 
wall movement on faults from fold and thrust belts (Midland Valley, 2017), but can be utilized 
for modeling other fault types. 
 The simple shear unfaulting algorithm is based on the work of Verrall (1981), Gibbs 
(1983), and Withjack & Peterson (1993), and is used to model deformation that occurs 
throughout the hanging wall in extensional settings (Midland Valley, 2017). The simple shear 
algorithm conserves the area of the hanging wall. It is best suited for modeling non-planar 
normal faults, inverted basin features, and growth faults (Midland Valley, 2017).  
 The trishear unfaulting algorithm was developed through a collaboration between 
Midland Valley and Colorado State University (Erslev, 1991). Trishear works by deforming beds 
in a single, or series of, nested triangular zones of shear emanating from the tip of a propagating 
fault (Midland Valley, 2017). The trishear unfaulting algorithm is best suited for modeling fault-
related folds (Midland Valley, 2017).  
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 As the stratigraphy was incrementally removed during the restorations, the basement 
horizon eventually became the top horizon over parts of the regional transects. In this study, as 
soon as the basement was the last remaining horizon on both sides of a fault, it was unfaulted. 
This approach may result in extension or compression being assigned to time periods that 
occurred after the faulting truly took place. When a non-basement horizon existed on only one 
side of a fault, it was unfaulted so that zero displacement existed between it and the basement on 
the other side of the fault. In some cases, the paleobathymetry only permitted a partial removal of 
displacement across the fault. 
5.1.4 Unfolding 
 Move offers three unfolding algorithms: flexural slip, line length, and simple shear. The 
line length and simple shear unfolding algorithms do not preserve line length, so their results 
would be inimical to this study’s goal of measuring extension and compression. The flexural slip 
unfolding algorithm maintains line lengths and bed thicknesses throughout the cross-section, and 
is used exclusively in this study for the unfolding step of the restorations. The flexural slip 
algorithm unfolds the top bed to a datum or assumed regional geometry by rotating the limbs of a 
fold and applying layer parallel shear to the rotated fold limbs (Midland Valley, 2017). The 
limbs are unfolded about a user-defined pin that represents the axial surface of the fold.  
 Given the regional scale of the transects, the unfolding step was often applied in a 
stepwise process wherein a geologically complicated area was unfolded (e.g. the eastern end of 
OTS-9) first, followed by the unfolding of the rest of the transect. These subsections were 
subsequently reconnected. Once all of the sedimentary layers were removed, the basement 
horizon was not unfolded. 
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 The quiddity of unfolding is that is must always result in a line length increase, which 
indicates compression. Line length increases deemed unrelated to compressional geologic 
features were excluded from the extension and compression calculations; these exceptions 
include the unfolding of horizons affected by post-rift subsidence sag, paleobathymetric 
corrections, the rotation of horizons parallel to or onlapping onto fault blocks, and the unfolding 
of artifacts introduced by the unfaulting and unfolding algorithms.  
5.1.5 Erosion Compensation 
 Sediment was added during the restoration process to correct for erosion of strata. The 
amount of added sediment was based on projecting truncated horizons above an unconformity. 
This approach was most notably used on OTS-1, where reflectors are truncated below a Late 
Neogene unconformity in the Southern Inversion Zone. Sediment was also added to the 
southeasternmost part of OTS-9, where the Quaternary succession has largely been removed due 
to regional uplift.  
5.1.6 Reconstruction of Paleobathymetry  
 While the unfaulting and unfolding steps precede paleobathymetric reconstructions, 
paleodepths provide an important constraint on assumptions about the magnitude of unfaulting 
and regional level to which the top horizon should be unfolded. In many instances, the unfolding 
and paleobathymetric reconstruction steps were combined, as Move allows for the top horizon to 
be unfolded to a reconstructed line representing inferred paleobathymetry. Paleogeographic maps 
(Baur et al., 2014, Strogen et al., 2014b, Strogen et al., 2017), published subsidence profiles for 
study area wells (Strogen et al., 2014b), seismic character (coaly facies reflectors, coastal onlaps, 
progradational sets), and the results of biostratigraphic analyses from wellbores provided the 
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chief controls on paleobathymetric reconstructions. The paleodepth data points are presented in 
Appendix B. 
5.2 Restorations 
 The results of the three restorations are displayed in Figures 5.3, 5.5, and 5.7. The 
percentage of extension and shortening is shown on each figure and represents a summation of 
section length changes associated with all the previously described restoration steps between 
each horizon. Extension and shortening percentages above the transects are for each time 
timespan A detailed, step-by-step list of restoration steps and length changes is presented in 
Appendix C.  
5.2.1 OTS-1 Regional Transect 
OTS-1 (Figure 5.2) is the southernmost regional transect. It does not intersect any wells, 
but several wells (e.g. Fresne-1, Tasman-1) have been drilled nearby (Figure 5.1). At its western 
end, the transect crosses the Challenger Plateau. OTS-1 images the Kiwa and Pakawau Sub-
basins, which are separated by the Kahurangi Fault. To the east, structural inversion near the 
Wakamarama Fault and uplift of the Tasman Ridge are displayed. The most prominent fault is 
the Manaia/Waimea-Flaxmore Fault, which separates the Taranaki Basin from the southern end 
of the Wanganui Basin. The Manaia/Waimea-Flaxmore Fault is an en echelon continuation of 
the Manaia Fault to the north and part of the broader Taranaki Fault System (Strogen et al., 
2014), although it not considered part of the Taranaki Fault per se.  
5.2.2 OTS-1 Restoration 
 Figure 5.3A shows the OTS-1 regional transect after all restoration steps were taken. 
Based on the results of the restorations, the basement was above sea level at some point before 
83 Ma. The area began rifting and accumulating sediment in grabens and half-grabens during the 
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Late Cretaceous (Figures 5.3B and 5.3C). The maximum amount of extension (0.75%) across the 
profile occurred between 68 and 74 Ma, which was during the West Coast-Taranaki rift phase 
(Strogen et al., 2017). Total extension Cretaceous-Paleocene extension was 1.78%. Extension 
declined through the rest of the Cretaceous (Figure 5.3D) and into the Paleocene (Figure 5.3E); 
during this time, the Challenger Plateau was likely above sea level, and only thin, onlapping 
intervals were deposited. The P10-P50 interval shows some evidence of deposition during a post-
rift subsidence phase (Figure 5.3F). Appreciable shortening began around 30 Ma and totaled 
1.57%; the restorations show slight shortening on the Manaia/Waimea-Flaxmore Fault between 
56 and 30 Ma. The Wanganui Basin contains sediment no older than Miocene in age, so 
movement on the Manaia/Waimea-Flaxmore Fault is difficult to constrain; it is possible to 
approximate its movement based on inferred paleobathymetry (see Chapter 6). Shortening 
persisted until about 4.5 Ma, reaching its maximum (0.94%) between 4.5 and 20 Ma during this 
time, inversion occurred on the profile, most notably on the Wakamarama Fault (Figure 5.3I). 
 A Late Miocene angular unconformity exists above the Tasman Ridge. The Tasman-1 
well, which is located approximately 5.6 km to the NNE of OTS-1, is used in this study as a 
point of reference for the paleobathymetry and lithology along the top of the Tasman Ridge. 
Previous researchers noted that approximately 915 m of sediment were likely to have been 
eroded off the top of the Tasman Ridge (NZ Aquitane Ltd., 1970). Based on the angles of 
truncated reflectors below the unconformity, a maximum of 1043 m of sediment was added to 
the N64-N38 interval (Figure 5.3I). Measurable shortening across OTS-1 ceased between 2.45 
and 4.5 Ma, but uplift persisted until at least 1.63 Ma (Figure 5.3L), as most Plio-Pleistocene 
intervals are not found above the Wakamarama Fault or on the Tasman Ridge. No extension is 



















Figure 5.3: Restoration results for regional transect OTS-1. Extension and compression percentages to the right of the cross-sections 
represent a sum for the indicated timespan. Figures 5.8A-5.8E are included in one extensional period, while Figures 5.3F-Figure5.31I 
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5.2.3 OTS-8 Regional Transect 
 The OTS-8 transect (Figure 5.4) crosses through the Deepwater Taranaki Basin on its 
northwestern end. The transect also images the shelf and shelf margin. The OTS-8 transect 
intersects two wells on the shelf, Taranga-1 and Witiora-1, which both encountered basement 
along basement highs. The southeastern side of OTS-8 passes through the Maui-Moa Swell 
before ending near the coastline of the Taranaki Peninsula. The transect passes south of the 
Northern Graben and north of the Central Graben.  
5.2.4 OTS-8 Restoration 
The OTS-8 restoration (Figure 5.5) indicates that extension reached its maximum 
(2.54%) between 83 and 105 Ma, which is consistent with the timing of the Zealandia rift phase 
(Strogen et al., 2017). During this time, the thick (up to 4 km) K80-Basement interval was 
deposited. Extension totaled 4.4% during the Zealandia rift phase.  
The unfaulted basement in the Deepwater Taranaki Basin contains faults from the 
Zealandia rift phase, which is characterized by faults striking N-S to NNW-SSE (Figure 5.6A). 
The restoration process measured the apparent heave because OTS-8 is at an angle of 41º to the 
dominant structural trend. Figure 5.6B shows the correction of the apparent heave; this corrected 
section length change is reflected in the extension percentage on Figure 5.5A. Between 68 and 
74 Ma extension ceased, and then began again around 68 Ma along the southeastern half of the 
profile. Sediment was deposited in half-grabens during this extensional period, and some 
basement highs (Figure 5.5D) remained above sea level. This period of extension occurred 
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Following rifting, a period of post-rift subsidence ensued (Figure 5.5G). Compression 
across the profile is not observed, indicating that OTS-8 is entirely to the west of the western 
extent of compression propagation in the upper ~12 km of the lithosphere. Evidence for foreland 
basin development along the southeastern side of the profile is seen on Figures 5.5I and 5.5J as a 
foredeep emerges, with a potential forebulge on Figure 5.5I. The foreland basin is likely related 
to the Taranaki Fault System which emplaced overthrusted basement (Tripathi & Kamp, 2008) 
approximately 60 km to the east of the southeastern edge of OTS-8. 
Extension began again around 12 Ma (Figure 5.5I). Normal faulting was most active 
between 4.5 and 12 Ma and slowed thereafter. Normal faulting ceased at about 1.63 Ma. The 
normal faulting is localized entirely in the southeastern 40 km of OTS-8 and totaled 0.17%. 
5.2.5 OTS-9 Regional Transect 
The OTS-9 transect (Figure 5.8) passes through the West Norfolk Ridge at its northwest 
end and intersects the Aotea Seamount, which is connected to the basement for velocity 
modeling purposes. The transect contains parts of the Moa and Te Ranga Sub-basins, the 
Northern Graben, and fault splays from the Taranaki Fault at its southeastern end, which offset 
strata in the Te Ranga Sub-basin. The transect ends before reaching the Taranaki Fault. OTS-9 
intersects three wells: Ariki-1, which reached the basement, and Turi-1 and Awakino-1, which 
both reached Eocene strata at their deepest points. 
5.2.6 OTS-9 Restoration 
The OTS-9 restoration shows the basement above sea level in Figure 5.8A. As rifting 
begins between 74 and 105 Ma, sediment begins to fill grabens and half-grabens (Figures 5.8B 

















Figure 5.5: Restoration results for regional transect OTS-8. Extension and compression 
percentages to the right of the cross-sections represent the sum for the indicated timespan. See 
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Figure 5.6: Paleogeographic map at 98 Ma. Faults inferred to be active at 98 Ma are indicated by red fault traces. Black line is OTS-8. 
Blue line is study area outline. Regional transect OTS-8 is oblique to the Zealandia rift phase faults. Green arrow points north. 5.6A 










(2.23%) and 74-68 Ma (2.61%), indicating that the area was affected by both the Zealandia rift 
phase and West Coast-Taranaki rift phase (Strogen et al., 2017). Extension persists at a declining 
rate through the end of the Paleocene, totaling 7.03%. Eocene strata (Figure 5.8E) display post-
rift subsidence geometry, during which time neither shortening nor extension are appreciably 
measured. 
Shortening begins to affect the transect at about 30 Ma (Figure 5.7G), as folding and 
reverse fault movement at the southeastern edge of the transect record the development of 
Taranaki Fault-associated fault splays. The shortening appears to be confined to the 
southeasternmost 30 km of the profile and totals 0.08%. Foreland basin development is less 
notable on OTS-9 than OTS-8. 
The Aotea Seamount, a mid-Miocene volcano, is removed from sections older than 12 
Ma (Figure 5.7H). After this point, the sedimentary strata inferred to have existed before the 
formation of the volcano are connected on the restored cross-sections, but cannot be reliably 
restored. Figures 5.8A through 5.8G contain dashed lines where the strata cannot be restored. 
Extension begins at about 12 Ma (Figure 5.8H) in the Northern Graben, where 
reactivated basement faults propagate towards the surface. Extension was greatest between 4.5 
Ma and 12 Ma, and this extension is manifested by Late Miocene strata that thicken into the 
graben. Extension rates decline after the 4.5 to 12 Ma interval and total 0.44%. Uplift at the far 
southeastern corner of the transect (near Awakino-1) has resulted in the removal of most of the 
Plio-Pleistocene sediment. Up to 100-150 m sediment was added for each Quaternary layer 
during the restorations (Figures 5.8K-5.8M). While the Northern Graben faults reach the surface, 
the throw on eroded strata is not reconstructed in this study; ergo, the extension calculated during 









































Figure 5.8: Restoration results for regional transect OTS-9. Extension and compression percentages to the right of the cross-sections 
represent a sum for the indicated timespan. Figures 5.8A-5.8E are included in one extensional period, although it is possible that two 
rifting phases are being measured (see text for explanation). Figures 5.8H-5.8K represent a second, later extension event. See Figure 
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Figure 5.8: Continued.  
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Figure 5.9: Paleogeographic map at 98 Ma. Faults inferred to be active at 98 Ma are indicated by red fault traces. Black line is OTS-9. 
Blue line is study area outline. Regional transect OTS-9 is oblique to the Zealandia rift phase faults. Green arrow points north. 5.9A 





 This study has presented the results of seismic interpretations throughout the study area, 
as well as structural restorations across three regional cross-sections. The restorations have 
depicted each cross-section at 13 (OTS-1 and OTS-9) or 14 (OTS-8) points of time, from the 
present day to the mid-Cretaceous. By partitioning the sedimentary succession based on key 
tectonostratigraphic intervals and sequentially restoring regional cross-sections, it is possible to 
describe the spatial and temporal extent of strain in the basin; additionally, it becomes possible to 
elucidate information about the tectonic evolution of the Southwest Pacific region. 
6.1 Comparison with Previous Colorado School of Mines Studies 
 Given the wealth of seismic and well data made public by NZPAM and GNS Science, 
offshore New Zealand has provided research opportunities for several Colorado School of Mines 
(CSM) Master’s theses focused on seismic interpretation and structural restorations (Figure 6.1). 
Bucker (2016) restored six cross-sections in the Southern Taranaki Basin. King (2017) restored 
three cross-sections through the accretionary prism on the northwestern edge of the Pegasus 
Basin. Kramer (2018) restored one cross-section in the Reinga Basin, and described varying 
structural styles along three additional cross-sections. One aim of this study is to integrate its 
results with previous research at CSM. 
6.1.1 Comparison with Bucker (2016) 
 Bucker (2016) measured extension and shortening rates along six lines in the Southern 
























Figure 6.1: Location of previous offshore New Zealand CSM studies. Green dashed lines 
represent cross-sections interpreted by Kramer (2018). Green solid line (REI9-010) represents 
cross-section that was restored by Kramer (2018). Blue lines represent lines restored by Bucker 
(2016). Purple lines represent cross-sections restored by King (2017). Black lines (OTS-1, OTS-
2, and OTS-9) are the cross-sections that are restored in this study. Gold line represents a portion 
of OTS-1 that is compared to Bucker’s Section 6 in Figure 6.2. Base map modified from CANZ 
(2008). 
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fewer mapped horizons (Seafloor, N82, N50, N15, P50, P00, K96, and Basement). Bucker 
(2016) places the N15 horizon at ~19 Ma, while in this study it is at ~20 Ma. All six Bucker 
restorations are north of OTS-1 and south of OTS-8, although Section 6 crosses OTS-1 and 
measures shortening and extension through the Wakamarama Fault and Tasman Ridge, which 
are both examined in the OTS-1 restoration.  
 Bucker (2016) found that inversion of the Wakamarama Fault commenced between 30 
and 19 Ma, although it is minor movement compared to inversion between 19 and 7 Ma (Figure 
6.2A). In this study, the inversion begins between 20 and 12 Ma (Figure.6.2B). Bucker (2016) 
places the cessation of inversion of the Wakamarama Fault between 7 Ma and 2 Ma; in this 
study, the cessation occurs between 12 and 4.5 Ma. In this study, the majority of the inversion of 
the Wakamarama Fault occurs between 12 and 4.5 Ma, while Bucker (2016) found that the 
majority of inversion occurs between 19 and 7 Ma. The differences are likely due to a different 
selection of horizons. Bucker (2016) places the unconformity above the Wakamarama Fault at 
the N50 horizon, which occurs 2.5 million years before the N64 horizon, which is where this 
study places it. The N50 horizon was not interpreted in this study because it was deemed less 
diagnostic of the tectonostratigraphic history throughout the entire Taranaki Basin than the N38 
and N64 horizons. The age of the unconformity is closer to 7 Ma than 4.5 Ma. Another 
discrepancy between the interpretations is that Bucker (2016) interpreted the basement horizon at 
a lower level over the Tasman Ridge than in this study; Bucker (2016) also interpreted Paleocene 
and Cretaceous strata along the Tasman Ridge, while in this study Late Eocene strata are the 
oldest sedimentary rocks interpreted over the Tasman Ridge based on the results of the Tasman-1 
well, which were not incorporated in Bucker (2016).  
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Figure 6.2: (A) Three steps of the Bucker (2016) restoration of Section 6 (see Figure 6.1) depicting the evolution of the Wakamarama 
Fault inversion and Tasman Ridge. Modified from Bucker (2016). (B) Part of the OTS-1 restoration showing the evolution of the 
Wakamarama Fault inversion period and Tasman Ridge in this study. See Figure 6.1 for location. Sections are presented with no 
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Bucker (2016) measured approximately 1.86 km of shortening on Section 6 between the 
present day and ~30 Ma. During the same time span, this study measured approximately 6.1 km 
of shortening. The discrepancy is a result of: 1) this study unfaulted reverse movement along six 
faults, while Bucker (2016) unfaulted three and 2) the 6.1 km figure also includes movement 
along the Manaia/Waimea-Flaxmore Fault, which accounts for approximately 1.9 km of 
shortening; Bucker (2016) did not include the fault, since it fell outside of his study area. 
 In both studies, inversion alone does not constitute the totality of compressional effects 
on and near the Tasman Ridge; given the lack of Pliocene strata in the Tasman-1 well, uplift 
likely persisted into the Pleistocene. Bucker (2016) concluded that fault inversion in the Southern 
Taranaki Basin ceased around 7 Ma, with further compression accommodated through folding 
and uplift until about 2 Ma. This study pushes that compression cessation date forward to ~1.63 
Ma, which is represented by the Q30 horizon.  
 Overall, latitudinal changes in strain rate through time (Figure 6.3) measured by Bucker 
(2016) are broadly consistent with the results of this study (Figure 6.4). In the northern part 
(Sections 1 and 2) of the Bucker (2016) study area, extension persists from present day until 
about 7 Ma, before which shortening is measured on all sections. Between 7 and 2 Ma, extension 
occurs in the north (Sections 1 and 2), while shortening occurs to the south (Sections 3, 5, and 6). 
Shortening is measured on all sections between 30 and 7 Ma in the Bucker (2016) study, and 
between >68 Ma and 30 Ma extension is measured on all sections. The youngest extensional 
movement measured in this study occurs between 1.8 and 1.6 Ma on OTS-9, although it is likely 
that extension has occurred into recent times (see Chapter 4 OTS-9 discussion). Between 125 
and 56 Ma extension is measured on all sections in this study. Bucker (2016) did not measure 
strain through areas affected by the Zealandia rift phase, so this study measures additional 
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Figure 6.3: Bucker (2016) extension and shortening rates for six cross-sections depicted on 
Figure 6.1. Modified from Bucker (2016). 
 
 
extension rates beyond the >68 million year mark that the represented the oldest strain rates 
measured by Bucker (2016. This study also did not measure any appreciable shortening values 
on the OTS-8 transect, which may constrain the spatial extent of shortening measurable in the 
sedimentary succession.  
 Considered together, this study and the results of Bucker (2016) support the work of Giba 
et al. (2010) at the plate scale (Figure 6.5A). Giba et al. (2010) proposed a block model (Figure 
2.12; Figure 6.5B) to explain synchronous extension in the Northern Taranaki Basin and 
shortening in the Southern Taranaki Basin. The transition point between extension and 
shortening is proposed to have moved south through time, and can be represented by a rotation 
axis; the Western Platform remains stationary while the Eastern Mobile Belt rotates clockwise 
about the axis, producing northern, back-arc extension and shortening to the south. The block 
model is a simplified version of the block model proposed by Wallace et al. (2004). Wallace et 
al. (2004) subdivided the eastern rotating forearc into five separately rotating microplates that are 

























































Figure 6.4: Comparison of extension and shortening rates for OTS-1, OTS-2, and OTS-9. Synchronous extension and shortening occur 
between 12 and 4.5 Ma. The greatest shortening is measured on OTS-1. 
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Figure 6.5: Comparison of this study’s onset of extension with Bucker (2016). Stars represent axes of rotation through time. The axes 
of rotation from this study and Bucker (2016) are speculative, and based on the temporal variation of restorations steps characterized 
by synchronous shortening and extension. Figure 6.5B illustrates the basic concept of a rotation axis in a block model (taken from 
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distribution. Wallace et al. (2008) added a subduction-to-collision component to the rotating 
eastern block, which rotates about the transition point between collision and subduction; along 
the Hikurangi Subduction Zone, this rotational axis would occur at the transition between the 
Hikurangi Plateau and Chatham Rise.  
In this study, the onset of extension occurs between 12 and 4.5 Ma on OTS-8 and OTS-9, 
both of which are north of the Bucker (2016) transects. During this time, shortening occurs on 
OTS-1. All Bucker (2016) transects experienced shortening from 19 to 7 Ma, followed by 
synchronous extension and shortening from 7 to 2 Ma. Figure 6.5A contains potential rotation 
axes from this study and Bucker (2016) based on the southward transition from extension to 
shortening through time, and these points are in agreement with the rotation axes of Giba et al. 
(2010). OTS-8 remains outside of the compressional tectonic regime according to Giba et al. 
(2010), which is supported by the restorations in this study.  
 A fundamental prediction of the Giba et al. (2010) block model is an increasing 
magnitude of extension northwards from the rotation axis, and, similarly, an increasing 
magnitude of shortening from the rotation axis southwards. The Bucker (2016) shortening rates 
(Figures 6.3 and 6.6) revealed that within Southern Taranaki Basin this prediction was not 
entirely valid, and that the Southern Taranaki Basin may be home to multiple strain domains. 
Bucker (2016) concluded that at a larger scale (i.e. the scale of this study), the block model was 
likely valid, but at the scale of his study, a continuously increasing north-to-south shortening rate 
was not observed. In this study, a greater rate of extension (Figure 6.4) was measured on OTS-9 
than OTS-8 between 12 and 2.45 Ma, which agrees with the block model and Bucker’s (2016) 
conclusion. Bucker (2016) also noted that anomalously low strain rates on Sections 4 and 5 
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Figure 6.6: Shortening throughout Northern New Zealand, as measured in previous Colorado 
School of Mines studies. Green lines represent 2D seismic lines studied by Kramer (2018). 
REI09-14 was the subject of a 2D structural restoration, while the dashed lines were interpreted 
but not restored. Gray lines represent 2D seismic lines studied by Bucker (2016), all of which 
were the subject of 2D structural restorations. Purple lines represent 2D lines that were restored 
by King (2017). Northland Allochthon location from Adams et al. (2012). Northland Allochthon 
emplacement dates from Mortimer et al., 2007, and references therein. East Coast Allochthon 
emplacement dates and direction from Cluzel et al. (2010). Northern tip (N. tip) of active 
Taranaki Fault reverse faulting (yellow circles) taken from Stagpoole & Nicol (2008). Green 
arrow points north.  
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captured on his sections; this appears to be partially confirmed by the greater number of faults 
captured on OTS-1 along the Tasman Ridge, in addition to shortening being accommodated on 
the Waimea-Flaxmore Fault. The active northern tip (Figure 6.6) of the shortening presently 
resides south of both Bucker’s (2016) restored sections and OTS-1, and it is likely that 
shortening previously accommodated on the now inactive Taranaki Fault has been taken up 
farther south, resulting in a relay ramp between the Taranaki Fault and Manaia/Waimea-
Flaxmore Fault (Stagpoole & Nicol, 2008; Giba et al., 2010). Overall, the results of this study 
agree with Bucker (2016) at the plate scale.  
6.1.2 Comparison with King (2017)  
 King (2017) measured shortening rates since 5 Ma on three cross-sections in the Pegasus 
Basin (Figure 6.6). The Pegasus Basin is located along the southeast side of the North Island, and 
the cross-sections in the King (2017) study traversed the accretionary wedge associated with the 
subducting Pacific Plate near the Hikurangi Trough. By performing structural restorations, King 
(2017) found an overall trend of decreasing shortening to the southwest over the past two million 
years. King (2017) attributed this finding to shortening being accommodated as rotation and 
plate parallel translation of displacement instead of compressional shortening in the subduction 
thrust; to the south, the plate normal vector decreases and the plate normal vector increases 
relative to the restored lines in the study. Past 3.5 Ma, shortening measurements did not reveal a 
southward trend. King (2017) concluded that the subduction zone has rotated clockwise and 
migrated south, so compression along the current plate margin may not have been recorded past 
~2-5 Ma.  
 Direct comparisons between this study and the King (2017) study are hamstrung by a 
difference in temporal and spatial study extent. King (2017) produced results for the past five 
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million years within a portion of the accretionary wedge. The two studies consider two different 
manifestations of the subduction zone evolution. OTS-1 is the closest restored line in to the King 
(2017) study. During the past five millions years, the Wanganui Basin has undergone subsidence, 
the Manaia/Waimea-Flaxmore Fault has been active, and uplift of the Tasman Ridge persisted at 
least into the Pleistocene. More broadly, both studies see evidence for a southward migration of 
the subduction zone. The evolution of the accretionary wedge as restored by King (2017) cannot 
be directly correlated with any of the restored inversion features in this study. The restored 
features in the King (2017) study are likely coeval with minor thrust faulting in the southeastern 
Wanganui Basin (Nicol et al., 2007; Strogen et al., 2014).  
 6.1.3 Comparison with Kramer (2018) 
Kramer (2018) interpreted cross-sections in the Reinga Basin and restored one 2D line 
(Figure 6.1). His study highlights several differences between the Reinga and Taranaki Basins: 
1) Unlike the Taranaki Basin, the Reinga Basin experienced one rifting event, which 
was part of the Zealandia rift phase; the associated faults strike more strongly NW-SE 
(Figure 6.7)  
2) The Reinga Basin experienced earlier onset of shortening (Figure 6.6) 
3) The shortening in the Reinga Basin is marked by a greater degree of structural style 
variation (Figure 6.8) 
4) A second, separate shortening episode occurred 25-22 Ma when the Northland 
Allochthon was emplaced (Figure 6.6) 
5) No extension occurred in the Reinga Basin after the shortening episodes; the Taranaki 





Figure 6.7: Kramer (2018) restored line (solid green) and interpreted cross-sections (dashed 
green) with this study’s restored line locations. The active fault trace orientation curves from a 
NW-SE orientation in the Reinga Basin to NNW-SSE in the Taranaki Basin, and likely reflects 
the different orientation of break-up and seafloor spreading in the SW Pacific (Strogen et al., 
2017). Base map from Arnot & Bland (2016).  
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Figure 6.8: Variety of structural styles in the Reinga Basin as described by Kramer (2018). See 




Kramer (2018) measured extension on the REI09-014 cross-section (Figures 6.7 and 6.8) 
from ~100 Ma to between 66 and 49 Ma. The majority of the extension (~11% across the cross-
section) occurred between 100 and 85 Ma, and likely represents extension associated with the 
break-up of Gondwana. This rifting event is coeval with the Zealandia rift phase in the Taranaki 
Basin (Strogen et al., 2017). Overall, Kramer measured 18% total extension across REI09-014, 
which is greater than the total extension measured on the nearest restored cross-section in this 
study, OTS-9 (7.03%). There are a couple of differences that explain the greater measured  
extension rate in the Kramer (2018) study. First, REI09-014 was more strongly affected by 
Zealandia rift phase faulting; the cross-section is intersected by a greater number of longer faults 
(Figure 6.7), which likely have concomitantly higher displacements. Second, the dips on the 
REI09-14 faults are generally lower, with some dips as low as 20º (see the West Norfolk-
bounding fault on Figure 6.8C). In the Taranaki Basin, the Zealandia rift phase faults are 
typically steeply dipping (60-70º) and characterized by planar geometry (Strogen et al., 2017), 
and the faults on OTS-9 are typically steeper and more planar. 
Kramer (2018) found that shortening began around 49 Ma, and measured a total 
shortening of 1.5% between 49 Ma and 35 Ma, the majority of which occurred during the Middle 
Eocene (49 Ma to 40 Ma). During this shortening event the Taranaki Basin was largely 
experiencing passive subsidence conditions. Kramer (2018) also observed a latest Oligocene to 
earliest Miocene (between 25 Ma and 20 Ma) compressional episode highlighted by 
emplacement of the Northland Allochthon; the allochthon thought to be a “flake” peeled from 
the subducting slab with a southwest transport direction (Lamb, 2011).  
Compared with the Taranaki Basin, the Reinga Basin is home to a greater variety of 
shortening-related structural styles, including northeast and southwest verging fault propagation 
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folds (Figure 6.8A), southwest-verging imbricated thrusts (Figure 6.8B), northeast-verging, 
small-scale fault propagation folds (Figure 6.8C), and low-angle thrust faulting (Figure 6.8D) 
(Kramer, 2018). This is in contrast to the structural styles observed on OTS-8 and OTS-9, which 
display very little in the way of shortening-related structures. Reverse movement on the Taranaki 
Fault—which accrued displacements of 12-15 km (Giba et al., 2010)—effectively shielded the 
areas depicted by OTS-8 and OTS-9 from shortening-related deformation. In the Southern 
Taranaki Basin, folding and fault inversion are evident on OTS-1 (Figure 6.3A), and much of the 
shortening has been accommodated by the Manaia and Waimea-Flaxmore Faults further to the 
east. The entire Taranaki Fault System, which includes the Taranaki and Manaia/Waimea-
Flaxmore Faults, has either terminated against the subducting slab in the past (the Taranaki 
Fault) or currently terminates against the subducting slab (Waimea-Flaxmore Fault) (Giba et al., 
2010). Faults of this magnitude are not observed in the Kramer (2018) study, which may explain 
the variety and extent of shortening through his interpreted cross-sections. Interestingly, 
Kramer’s most southeasterly cross-section, REI09-024 (Figures 6.7 and 6.8), did not experience 
the same degree of shortening between 49 and 35 Ma as the other cross-sections, and was only 
later affected by emplacement of the Northland Allochthon. Kramer’s restoration of REI09-014 
revealed that the West Norfolk Ridge acted as a compressional backstop; Eocene compressional 
deformation acted first on the area abutting the ridge, then propagated to the northeast. The 
REI09-24 cross-section’s southwestern end does not terminate against the West Norfolk Ridge, 
which becomes less prominent into the Northland and Taranaki Basins (see Figure 6.1 
bathymetry). It does appear that the West Norfolk Ridge plays some role in strain partitioning in 
the basin. 
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 Extension does not occur after the shortening episodes in the Reinga Basin. Back-arc 
extension occurred in the South Fiji Basin (Figure 6.1) from ~23 Ma and propagated into the 
Taranaki Basin at around 12 Ma (Giba et al., 2010). Both the Reinga and Taranaki Basins were 
likely tectonically decoupled from the South Fiji Basin due to right-lateral strike-slip movement 
along the VMFZ (Figure 6.1), which ceased in the mid-Miocene (Giba et al., 2010). 
 Kramer (2018) concluded that regional tectonic events and deformational responses are 
linked and occur in a systematic and sequential manner, and that the pattern could be expanded 
into the Taranaki Basin. At the plate scale, this appears to be partially true. Shortening largely 
occurs in a sequential manner, beginning in the Reinga Basin (Figure 6.6) around 49 Ma and 
ending between 40 and 35 Ma. After shortening ceased on REI09-014 (Figure 6.6), the Taranaki 
Fault became active (34-20 Ma) (Figure 6.6). A rotation of principal compressive stress 
orientation also occurs; the fault and fold axes’ orientations change from roughly NW-SE 
(orthogonal to Kramer’s cross-section on Figure 6.6), to N-S (Taranaki Fault), to NNE-SSW 
through OTS-1. The emplacement of Northland Allochthon is perhaps the most anomalous 
event, as it occurs after both shortening cessation in the Reinga Basin and inception of the 
reverse movement of the Taranaki Fault. 
6.1.4 Summary of CSM Studies  
 The results of this study, Bucker (2016), King (2017), and Kramer (2018), record the 
spatial and temporal deformational responses to the evolution of the Hikurangi-Kermadec 
subduction zone, which has traveled south and rotated clockwise. The shortening associated with 
the subduction evolution overprints the Zealandia rift phase normal faults (Kramer, 2018 and this 
study), as well as normal faults associated with the West Coast-Taranaki rift phase (Bucker, 2016 
and this study). The shortening begins in the Reinga Basin at around 49 Ma and ceased between 
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40 and 35 Ma. During this time, the principal compressive stress orientation was roughly NW-
SE, and a variety of deformational responses record the event (Figure 6.8). Shortening then 
moved south and east (Northland Allochthon, 25-22 Ma, and inception of the Taranaki Fault, 34-
30 Ma). Shortening is primarily accommodated on the Taranaki Fault in the Northern Taranaki 
Basin, where the maximum extent of shortening through the basin occurs just slightly to the west 
of the Taranaki Fault (Figure 6.6). Shortening in the Southern Taranaki Basin is accommodated 
primarily by the Manaia/Waimea-Flaxmore Fault and, secondarily, fault inversion and faulting. 
The Southern Taranaki Basin has likely experienced a greater magnitude of compression than the 
Northern Taranaki Basin, producing a greater range of shortening-related deformation features; 
continental crust at the Chatham Rise (Figure 6.1) cannot be subducted, so much of the relative 
plate motion has been transferred into the Australian plate near the southern end of the 
Hikurangi-Kermadec subduction zone (Giba et al., 2010). The Southern Taranaki Basin, and 
especially the Northern South Island of New Zealand, experience transpressional-related 
shortening and uplift that persists to present day.  
6.2 Strain Distribution in Northern Zealandia 
 There is a range of shortening-related deformation styles between the Reinga and 
Taranaki Basins. In the Reinga Basin, a greater variety of folds and fault types accommodate 
shortening across a greater extent of the basin (Figure 6.8). The Northern Taranaki Basin and 
much of the Southern Taranaki Basin have experienced less varied shortening styles; to their 
east, the Taranaki Fault System appears to have accommodated most of the shortening.  
 The type of basement provides one potential control on the style of shortening in the area. 
Subduction and terrane convergence occurred along the Southwest Pacific margin throughout the 







Figure 6.9: Distribution of major basement terranes in the Taranaki Basin area. Modified from 




Batholith, and eastern terranes (Brook Street Terrane, Murihiku Supergroup) (Figure 6.9) was 
achieved by the Early Cretaceous (Muir et al., 2000). The boundaries between the terranes 
represent breaks in the continental crust that are potentially exploited by both subsequent igneous 
intrusions and faulting (Muir et al., 2001). The Taranaki Fault runs along the boundary between 
the Murihiku Supergroup—a 9-13 km thick, Late Permian to Late Jurassic volcaniclastic marine 
sandstone-dominated succession—and the Brook Street Terrane, a Permian, subduction-related, 
pyroxene-rich basalt-dominated volcanic pile (Campbell et al., 2003; Mortimer, 2004). It appears 
that strain has been localized along these discontinuities on the Taranaki Basin’s eastern edge 
(Muir et al., 2000). Based on seismic facies, dredge samples, and magnetic anomalies, Bache et 
al. (2014) inferred that Reinga Basin is almost completely underlain by the Murihiku 
Supergroup, and that the West Norfolk Ridge is composed of the Median Batholith (a Mesozoic 
magmatic arc) and the Brook Street Terrane (Figure 6.9). The Median Batholith and Brook Street 
Terrane both lie beneath the Taranaki Basin. Based on the difference in basement terranes, the 
Reinga and Taranaki Basins were situated in different positions along the Mesozoic subduction 
zone (Figure 2.10; Figure 6.10). The more varied and widespread deformation response in the 
Reinga Basin is proposed in this study to be related to the Murihiku Supergroup, which may 
provide a less competent substrate to accommodate compressional strain than other basement 
terranes based on its heterogeneity and accretionary history. 
 Perhaps the most notable difference in strain accommodation between the Taranaki Basin 
and the Reinga, Northland, and other parts of Zealandia is the emplacement of allochthons 
(Figure 6.11) since the Paleocene. In the New Caledonia region (Figure 6.11) plate convergence 
beginning around 56 Ma resulted in emplacement of the New Caledonia Ophiolite (Patriat et al., 
2018). The New Caledonia Ophiolite is largely composed of mid-ocean ridge basalts and the  
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RNB
Figure 6.10: Mid-Cretaceous paleogeographic map depicting Zealandia, Australia, and 
Antarctica before Gondwana break-up. Abbreviations: C-F, Capel-Faust Basin; FB, Fairway 
Basin; LFB, Lachlan Fold Belt; NEFB; New England Fold Belt; RNB; Reinga-Northland Basin; 
TB, Taranaki Basin; SB, Sydney Basin. The Aotea Basin is synonymous with the Deepwater 








Figure 6.11: Southwest Pacific tectonic map with continents in green, submerged continental 
fragments and volcanic arcs in gray. Present-day plate boundaries are in red, and former plate 
boundaries are in dark gray. The pink star indicates the location of the New Caledonia 
Allochthon. The yellow star represents the location of the Northland Allochthon. The blue star 
represents the location of the East Coast Allochthon. Abbreviations: AF, Alpine Fault; Cfz, Cook 
fracture zone; Hfz, Hunter fracture zone; NHT, New Hebrides Trench; Tr., trench; VMfz, 
Vening Meinesz fracture zone. Modified from van de Lagemaat (2018).  
 
150 
structurally higher Peridotite Nappe, which was emplaced around 35 Ma and is marked by a 
suprasubduction zone geochemical signature (Patriat et al., 2018; van de Lagemaat et al., 2018). 
The Northland Allochthon (Figure 6.6) was emplaced 25-22 Ma (Mortimer et al., 2007) and is 
composed of at least six thrust slices (Cluzel et al., 2010). The structurally lowest slices are 
composed of Cretaceous-Oligocene marine sedimentary rocks (Cluzel et al., 2010). The 
structurally highest unit in the Northland Allochthon is the Northland Ophiolite, which is 
composed of minor upper mantle and oceanic crustal rocks (van de Lagemaat, 2018). Tholeiitic 
rocks in the Northland Ophiolite contain geochemical signatures consistent with a 
suprasubduction zone (van de Lagemaat, 2018). In terms of enclosed pelagic sediments, timing 
of emplacement, lithology, geochemistry, and mineralogy, the East Coast Allochthon (Figures 
6.6 and 6.11) is similar to the Northland Allochthon and is inferred to have been emplaced by the 
same tectonic event by Cluzel et al., 2010.  
 During the past 15 years, a veritable cavalcade of Southwest Pacific tectonic 
reconstructions have been published (Schellart et al., 2006; Mortimer et al., 2007; Whattam et 
al., 2008; Herzer et al., 2009; Matthews et al., 2015; van de Lagemaat, 2018). A common 
element in the tectonic reconstructions is the initiation (~60 Ma) and cessation of the New 
Caledonia Subduction Zone (25-20 Ma) (Figure 6.12) (Schellart et al., 2006; van de Lagemaat, 
2018). Seismic tomography (Figure 6.13) reveals the South Loyalty Basin slab, an anomaly 
interpreted to be related to New Caledonia subduction (van de Lagemaat, 2018). Subduction 
occurred from New Caledonia to northern North Island until slab break-off at ~25 Ma and it 
appears that allochthon emplacement was related to activity along this subduction zone (van de 
Lagemaat, 2018). Thus, the deformation in the Reinga and Northland Basins is likely a result of 
the New Caledonia Subduction Zone, and not the Tonga-Kermadec-Hikurangi Subduction Zone,  
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Figure 6.12: Southwest Pacific reconstruction. At 60 Ma, the New Caledonia Subduction Zone is 
interpreted to have initiated. van de Lagemaat et al. (2018) place the inception of the Tonga-
Kermadec Subduction Zone between 45 and 30 Ma. Abbreviations: AUS, Australian Plate; 
eANT; East Antarctica; LHR, Lord Howe Rise; PAC; Pacific Plate; wANT; West Antarctica. 
Red fault lines indicate fault activity at a given time. Gray fault lines indicate inactivity at a 




Figure 6.13: Seismic tomography anomalies at 1030 km depth in the Southwest Pacific 
interpreted as subducted slabs. The percentage limits plot the P wave velocity anomalies. 
Tomographic model UU-P07 is used (for discussion see van de Lagemaat et al., 2018 and 
references therein). Taken from van de Lagemaat et al. (2018). 
 
which appears to have initiated between 45 and 30 Ma (van de Lagemaat, 2018). Schellart et al. 
(2006) proposed that the southern end of the New Caledonia Subduction zone was immediately 
northeast of the northern North Island from about 40 Ma and subsequently rolled back, resulting 
in emplacement of the Northland Allochthon (Figure 6.14). van de Lagemaat et al. (2018) 
predicted about 225 km of New Caledonia subduction-related convergence in the Northland area 










Figure 6.14: Tectonic reconstructions of the Southwest Pacific between 40 and 20 Ma. The chief differences between this 
reconstruction (from Schellart et al., 2006) and the van de Lagemaat et al. (2018) reconstruction are the earlier onset of Tonga-
Kermadec subduction (>45 Ma in this reconstruction vs. 45-30 Ma in the van de Lagemaat et al., 2018), the location of the Tonga-
Kermadec Subduction; here, it is farther to the east at 30 Ma Zone, and the concept that the Taranaki Fault is partially related to the 
southern termination of the New Caledonia subduction. Abbreviations: VMfz; Vening Meinesz fracture zone; TB; Taranaki Basin. 
Modified from Schellart et al. (2006).  
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associated with the Northland Allochthon; part of this shortening would have been 
accommodated by the southern end of the subduction zone, while part of the shortening would 
have been transferred into the continental crust of the Reinga Basin. Moreover, van de Lagemaat 
et al. (2018) proposed that Eocene-Early Oligocene shortening expressed as subduction in the 
New Caledonia subduction zone transitioned into the northern New Zealand continental crust, 
first as a zone of distributed deformation (i.e. the Reinga Basin), before narrowing southward 
into the Taranaki Fault. Unlike the Reinga Basin and New Caledonia, the Taranaki Basin was 
never located close enough to active subduction zones (Figures 6.12 and 6.14) to be directly 
affected by allochthon emplacement.  
 The initiation of the Southwest Pacific subduction zones occurred during a period of 
tectonic plate reconfiguration in Antarctica, the Indian Ocean, and Asia (Sutherland et al., 2017 
and references therein). During this time, the Hawaiian-Emperor Bend started (~50 Ma), Tasman 
Sea seafloor spreading terminated, subduction zones initiated throughout the western Pacific, and 
the direction and rate of Australia-Antarctica spreading changed (Sutherland et al., 2017 and 
references therein). Additionally, the Eocene plate reconfiguration may have been immediately 
preceded by the collision of India and Asia, although the timing is still a matter of debate 
(Aitchison et al., 2007; Yang et al., 2015; Zhu et al., 2015). The reason for the global 
geodynamic changes during the Eocene are not well-understood, nor do they lie within the scope 
of this study, but it is important to note that there is likely a higher order control on the 





6.3 Comparison with Strogen et al. (2017) 
 Strogen et al. (2017) proposed that two rifting episodes occurred in the Taranaki Basin—
the Zealandia rift phase, from about 105 to 83 Ma, and the West Coast Taranaki rift phase, from 
about 80 to 55 Ma. The Zealandia rift phase was more widespread and paralleled subsequent 
ocean spreading centers in the Tasman Sea, while the West Coast-Taranaki rift phase was 
confined to the proximal Taranaki Basin. According to Strogen et al. (2017), the two episodes 
were separated by uplift and erosion in the Southern Taranaki Basin. 
 The results of the restorations largely line up with the two rifting episodes proposed by 
Strogen et al. (2017). OTS-1 (Figure 6.4) appears to have experienced the least amount of 
Zealandia rift phase extension (0.37% extension), followed by a pulse of extension between 74 
and 56 Ma that occurs during the West Coast-Taranaki rift phase and peaked 74-68 Ma. Strogen 
et al. (2017) proposed that from 83 to 80 Ma the Southern Taranaki Basin was largely above sea 
level and a source of sediment for the Taranaki Delta, and the OTS-1 restoration (Figure 5.3) 
supports this hypothesis. OTS-8 experienced a maximum extension rate of 2.54% between 105 
and 74 Ma, suggesting that the Deepwater Taranaki Basin was more strongly affected by the 
Zealandia rift phase than the other two sections. Extension on the OTS-8 transect declined to a 
local minimum between 74 and 68 Ma, then increased during the Paleocene, which suggests a 
second pulse of rifting confined to the modern-day shelf. OTS-9 experienced an extension rate of 
2.23% between 105 and 74 Ma, then subsequently reached a maximum extension rate of 2.61% 
between 74 and 68 Ma. Extension continued but steadily declined into the Eocene. 
 The results of this study support Strogen et al. (2017) and add granularity to the two-
phase Cretaceous-Paleocene rifting hypothesis. The Northern Taranaki Basin appears to have 
been more strongly affected by the Zealandia rift phase than the Southern Taranaki Basin. The 
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West Coast-Taranaki rift phase resulted in a greater amount of extension in the Northern 
Taranaki Basin (OTS-9) than the central (OTS-8) and southern (OTS-1) parts of the basin. The 
maximum amount of West Coast-Taranaki extension did not occur synchronously across all 
profiles; OTS-8 saw a small pulse of extension activity between 66 and 56 Ma, while OTS-1 and 
OTS-9 reached maximums between 74 and 68 Ma and declined during subsequent time intervals. 
 It is important to note that Figure 6.4 displays an extension rate between 83 and 74 Ma 
for OTS-8 but not OTS-1 and OTS-9. The K80 horizon does not occur on OTS-1 or OTS-9, so it 
was not possible to measure extension for the time spans associated with the Basement-K80 
interval on OTS-1 and OTS-9. It is possible that extension on OTS-1 and OTS-9 that are 
attributed to the 105-74 Ma time interval occurred before the inception (80 Ma) of the West 
Coast-Taranaki rift phase. Given the lack of definitive K80-Basement material on those 
transects, this study attributes the 105-74 Ma extension to the Zealandia rift phase.  
6.4 Anomalous Passive Subsidence  
 While the areal extent of shortening-related structural deformation (Figure 6.6) can be 
estimated by examining the style of faulting and folding, it is possible that Australia-Pacific plate 
convergence has produced more deep-reaching effects. In the Deepwater Taranaki Basin and 
proximal parts of the Taranaki Basin, Baur et al. (2014) found that ~1.5 km of anomalous post-
rift subsidence (Figure 6.15A) occurred in the absence of faulting in the upper crust. Rift models 
have classically (McKenzie, 1978; Wernicke & Burchfiel, 1982; White & McKenzie, 1988) 
predicted post-rift subsidence that proceeds at an exponentially decaying rate, but parts of the 
study area saw rapid (<20 Ma) subsidence beginning in the Eocene (Baur et al. (2014).  
 Figures 6.16A and 6.16B display the average paleodepth for most of the wells and 























Figure 6.15: (A) Tectonic subsidence profiles for four area wells. Tectonic subsidence is defined as basement rock subsidence that 
would take place if the local isostatic response to sediment was removed and replaced by water loading. Subsidence based on 
stretching factors of 2 and 4 are in gray dashed lines, and a stretching factor of 1.5 with a rifting cessation of 65 Ma is in green. 
Shaded blue area indicates potential inception of the Australia-Pacific convergent boundary, during which time the subsidence profiles 
depart from the expected trend lines. Black dashed line shows seafloor subsidence of cooling seafloor minus 2600 ma after Stein & 








































Figure 6.16: (A) Average paleodepth for selected locations in the study area. Bathyal paleodepths are the most uncertain, and are 
given in biostratigraphy reports in ranges that can exceed 1000 m. Without considering sedimentation or isostatic responses, the 
paleodepths reveal up to 1500 m of subsidence in the more northerly and proximal well locations. The southern wells appear to have 
been less affected by post-rift subsidence. Figure 6.16B displays the locations of paleodepth in Figure 6.16B. 6.16B base map 




the paleodepths do not exclude the effects of sedimentation and isostatic response to sediment 
loading, they generally display a sharp increase in paleodepth between 56 and 30 Ma. The more 
northern and proximal well locations (Ariki-1, Romney-1, and Tane-1) are characterized by a 
greater magnitude of subsidence. All locations except for Romney-1 appear to have been 
affected by later uplift, which may be related to long wavelength doming of the crust below the 
North Island (Kamp et al., 2004). 
The magnitude and timing of syn- and post-rift subsidence is consistent with lithosphere 
thinning by a factor of <2 (McKenzie, 1978; Baur et al., 2014), but the total subsidence is 
comparable to, or greater than, thermal subsidence after the formation of oceanic crust or to 
places where the crust has been completely rifted to form a continental margin (Baur et al., 2014 
and references therein). Baur et al. (2014) note that the deepwater stratigraphic architecture of 
the Deepwater Taranaki Basin differs substantially from highly rifted basins; since subsidence 
typically exceeds sedimentation during the rifting stage, shallow-marine sediment deposition 
usually occurs over a short time span in highly rifted basins. This was not the case in the 
Deepwater Taranaki Basin, where terrestrial and shallow-marine deposition occurred over ~40 
Myr. Subsequent subsidence produced 1000-1500 m of water-depth increase over <10 Myr, 
leading to rapid drowning of the ridges surrounding the basin, a southward translation of the 
shelf margin, and the near cessation of sediment input for >15 Myr (Baur et al., 2014). Above 
and below the paraconformity, significant differences in depositional depth exist; Baur et al. 
(2014) speculated that the >15 Myr paraconformity may be a feature of this specific tectonic 
activity.  
The mechanism for the anomalous subsidence is not well understood, but Baur et al. 
(2014) proposed that it must produce little to no local surface manifestation and noted that the 
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rapid subsidence occurred in proximity to, and was coeval with, the development of the 
Australia-Pacific subduction system. Baur et al. (2014) appealed to mantle downwelling and 
corner flow, wherein downward flow causes low hydrodynamic pressures that pull the overriding 
plate down over wavelengths of 1000-2000 km. The subsidence may be permanent and no longer 
driven by continued subduction; localized lithosphere delamination and foundering of the lower 
crust, according to Sutherland et al. (2010), may have produced successive permanent 
subsidence and transient uplift, resulting in the topographic depression of the Deepwater 
Taranaki Basin and broader New Caledonia Trough (Figure 6.1).  
6.5 Basin Analogs 
 The study area has been the site of two rifting events, convergence-related shortening, 
and back-arc extension, and currently exists within a broader tectonic regime characterized by 
two oppositely-dipping subduction zones connected by a strike-slip fault system. As such, the 
area’s specific tectonic history coupled with its current tectonic configuration are likely unique. 
However, certain tectonic elements of the basin have analogs elsewhere in the world. Deep-water 
basins that formed during Cenozoic subduction initiation can be found in Indonesia, the 
Mediterranean, and the western Pacific (Baur et al., 2014).  
 Active back-arc basins are found throughout the world (Figure 6.17). Back-arc basins are 
defined as regions of extension at convergent plate margins where rifting, and, sometimes, 
seafloor spreading occurs in the overriding plate (Sdrolias & Muller, 2006). While back-arc 
basins always occur near subduction systems, not all subduction systems develop back-arc 
extension (Sdrolias & Muller, 2006). Sdrolias and Muller (2006) found that back-arc extension 
occurs when the age of the subducting oceanic lithosphere is greater than 55 million years, and 











Figure 6.17: Potential back-arc basin analogs throughout the world. Numbered basins are mentioned in the text. Abbreviation: BAB, 


















Taranaki Basin SW Pacific 1 Yes ~12-0 Ma Yes Intracontinental Giba et al., 2010
Lau Basin SW Pacific 2 No ~7-0 Ma Yes Oceanic Sdrolias & Muller, 2006
South Fiji Basin SW Pacific 3 No 33-25 Ma Yes Oceanic Sdrolias & Muller, 2006
Gippsland Basin SE Australia 4 Yes n/a n/a Intracontinental Weller, 2015
Okinawa Trough W Pacific 5 No 2 Ma Yes Both Quanshu & Xuefa, 2014
Gulf of Lions W Mediterranean 6 No ~32-23 Ma No Both Bache et al., 2010  
 
Muller (2006) proposed that an absolute motion of the overriding plate away from the subduction 
hinge always precedes back-arc extension, and that rollback of the subduction hinge appears to 
be the primary force that drives continued accommodation creation in the mantle wedge. The 
driving mechanisms for back-arc extension include: surface kinematics, properties of the 
downgoing slab, mantle wedge dynamics, and the effect of lateral mantle flow on the slab 
(Sdrolias & Muller, 2006). Chen et al. (2016) proposed that the area of maximum extension 
within the overriding plate occurs 300-500 km from the trench 
Some of the back-arc basins throughout the world are the site of seafloor spreading. The 
back-arc faulting in the Taranaki Basin has been less extensive and has not produced oceanic 
crust, and is an example of intracontinental back-arc extension. The Lau and South Fiji Basins 
(Figure 6.17 and Table 6.1) are located north of New Zealand and are part of the broader 
Hikurangi-Kermadec-Tonga subduction zone and, although they have not shared the same 
tectonic history with the Taranaki Basin, are at the northern end of a series of related back-arc 
extensional areas. Both the Lau and South Fiji Basins are sites of active seafloor spreading 
(Sdrolias & Muller, 2006). The Okinawa Trough (Figure 6.17), located between Taiwan and 
Japan, has been the site of back-arc extension since about 2 Ma (Quanshu & Xuefa, 2014). The 
Okinawa Trough (Figure 6.18) is marked by a northeast-to-southwest transition from 
intracontinental rifting to seafloor spreading, which is analogous to the south-to-north  
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300 km
Figure 6.18: Current tectonic setting of the Okinawa Trough and Ryukyu Arc. The area is 
characterized by a northeast-to-southwest transition from continental stretching to seafloor 
spreading. Modified from Quanshu and Xuefa (2014). 
 
intracontinental rifting to seafloor spreading along the Hikurangi-Kermadec-Tonga subduction 
zone. In both cases, plate rotation is a feature of the current tectonic regime.  
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 The Gippsland Basin (Figure 6.17), located in southeastern Australia, is another potential 
basin analog. While it has not experienced Neogene back-arc extension or volcanism, the 
Gippsland Basin was the site of rifting related to Gondwana break-up and subsequent, albeit 
more subtle, inversion of normal faults (Weller, 2015). The Gippsland and Taranaki Basins have 
generally seen deformation during the same periods of plate reorganization (~100 and 50 Ma) 
(Weller, 2015). The Taranaki and Gippsland Basin oils have compositional similarities, which 
reflect general similarities in depositional environments associated with lower coastal plain 
swamp ecosystems at the end of the Cretaceous (Killops et al., 1994). 
One of the most notable features of the Taranaki Basin is anomalous post-rift subsidence. 
Basins that experienced a similar phase of anomalous post-rift subsidence may be difficult to 
recognize because there are few wells in deep water, bathyal paleobathymetry is typically poorly 
constrained, and convergence often obscures or destroys evidence of pre-existing structures 
(Baur et al., 2014). However, the Gulf of Lion (Figure 6.17), located offshore of Southern 
France, is a potential candidate for anomalous post-rift subsidence driven by subduction-related 
lithospheric modification (Bache et al., 2010; Baur et al., 2014).  
6.6 Petroleum Significance: Current State of Basin Exploration 
New Zealand currently reports 588.2 mmbbls in ultimate recoverable oil and condensate 
(proved plus probable), with 78.1 mmbbls in remaining reserves (MBIE, 2017). New Zealand’s 
current ultimate recoverable (proved plus probable) reserves of natural gas stand at 8,057.5 Bcf, 
with 1,775.1 Bcf remaining (MBIE, 2017). Total 2017 oil production, including crude, 
condensate, naphtha, natural gas liquids, and liquefied natural gas was 13.4 mmbbls (MBIE, 
2018). Gas production during 2017 totaled a gross of 191.3 Bcf. New Zealand’s oil production 
has declined 42% since 2008 as its fields become exhausted and no new major fields have been 
165 
identified since the Tui field in 2007. New Zealand has never been a prolific petroleum province, 
and it appears unlikely that it will see a production boom in the near future. In April, 2018, the 
New Zealand government announced that it would no longer grant offshore oil and gas permits. 
Twenty-two of 31 active permits are offshore and will not be affected, but all permits will expire 
by 2030 at the latest. Going forward, oil exploration will be confined to onshore operations 
unless the New Zealand government reopens its waters to exploration.  
6.6.1 Petroleum Significance of Tectonics 
The distribution of New Zealand’s petroleum reserves (Figure 6.19) is likely tectonically-
controlled, as 546.8 mmbbls of New Zealand’s ultimate recoverable reserves lie within or along 
the extent of compressional deformation described in this study. The Tui fields (Amokura, 
Pateke, Tui) contain the only significant reserves (41.4 mmbbls) (MBIE, 2017) that lie outside of 
the area affected by compressional deformation, and they are low relief, dip-closed features over 
subtle basement highs. The Karewa and Kora fields lie outside the extent of compressional 
deformation, but they contain negligible reserves and are drilled alongside volcanic edifices. 
Three of the largest Taranaki Basin fields (Kapuni, Pohokura, and McKee) all reside within 
anticlinal structures associated with Taranaki Fault Zone thrusting, while the largest, the Maui 
field, is a low-relief anticlinal structure bounded by an inversion fault. The reserve distribution 
occurs independently of Eocene, Paleocene, and Late Cretaceous source rock extent, and appears 
to be independent of the Late Cretaceous source rock transformation ratio (Figure 6.19). It 
appears that shortening-related deformation has provided the vast majority of structures 
conducive to accumulation, which may augur poorly for prospectivity outside of the extent of 
compressional deformation.  
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Figure 6.19: Petroleum fields in the Taranaki Basin. Ultimate recoverable reserve numbers from 





The lack of shortening-related structures is a concern for prospectivity in the Deepwater 
Taranaki Basin. Unlike areas (e.g. the eastern Taranaki Basin, Reinga Basin) that have been 
located closer to the Australia-Pacific plate boundary in the past, the Deepwater Taranaki Basin 
lacks large-scale folds or inversion features. The results of the Romney-1 well, drilled in 2014, 
indicate that the area contains some elements of a petroleum system: reservoir-quality sands 
were found in the North Cape and Rakopi Formations, while the pro-delta shales of the base 
Rakopi Formation were found to be within the oil window and capable of generating 
hydrocarbons (Rad, 2015). Thermogenic gas shows were found in the Rakopi Formation below a 
layer of basalt, which may have acted as a top seal above the secondary reservoir target (Figure 
6.20) (Rad, 2015). The well likely failed to encounter oil in the Rakopi Formation due to a lateral 
seal (fault) failure (A. Milkov, personal communication). This first (and potentially only) drilling 
foray into the Deepwater Taranaki Basin highlights a limit to prospectivity in the Deepwater 
Taranaki Basin: instead of drilling into larger shortening-related structures like those found in the 
eastern Taranaki Basin, exploration targets in the Deepwater area are more likely to be 
stratigraphic in nature (Grahame, 2015), and may have to rely on untraditional petroleum 
systems elements such as a regionally limited basalt top seal.  
6.6.2  Additional Petroleum Considerations 
 Nearly two-thirds of the world’s giant fields (500 mmbbls of ultimately recoverable oil or 
gas equivalent) have been found in continental passive margins that front major ocean basins 
(35%), or continental rifts and overlying sag basins, especially failed rifts at the edges or interior 
of continents (31%) (Mann et al., 2003). Mann et al. (2003) proposed that high number of giant 
fields in these tectonic settings results from 1) localization of high-quality source rocks in 
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Figure 6.20: Seismic line IL1850 from the Romney 3D seismic volume. Volcanics are colored in purple. Modified from Rad (2015). 
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or to seal hydrocarbons generated in the underlying rift section, 3) tectonic stability after an early 
rifting stage that allows petroleum system elements to remain undisturbed, or to be slightly 
inverted by distant tectonic events. Of the 877 giant fields described by Mann et al. (2003), only 
one is located in New Zealand—the Maui field. In terms of tectonic setting alone (continental 
rifting), it seems like the Taranaki Basin should be more productive. 
The present-day TOC and HI values in the Romney-1 source rock, excluding coal, were 
found to be 2.2% and 228 mg/g TOC, respectively (Rad, 2015). The results of the Romney-
1source rock evaluation add to the existing body of knowledge about the Taranaki Basin source 
rocks which, generally speaking, can be summarized thusly:  
1) Most of the Taranaki Basin petroleum is primarily terrestrially sourced, with the 
exception of the Kora field whose source was the Waipawa Formation, a late 
Paleocene marine black shale (Killops et al., 1994) 
2) Taranaki Basin source rocks tend to be coaly; this includes source rocks deposited in 
low-lying, planar peat mires (coals) and/or mud-rich backswamps (shaly coals and 
coaly mudstones) (Sykes & Raine, 2008) 
3) The coaly source rocks experienced widespread and variable synsedimentary marine 
influence across the depositional coastal plain; based on a study of the Eocene 
Mangahewa Formation coaly source rocks, HI and oil generation capacity were 150% 
and 140% higher, respectively, in rocks with a strong marine influence (Sykes & 
Raine, 2008; Sykes et al., 2013) 
4) Despite improved oil generation capacity in its coaly source rocks, the Taranaki 
Basin’s reserve numbers preclude it from a place in the pantheon of world class 
petroleum provinces 
170 
A thorough explanation for the Taranaki Basin’s low rank in global petroleum reserves is 
beyond the scope of this study, but some important points can be highlighted. Globally, humic 
coals and coaly mudstones are estimated to have contributed <1% of the world’s black, non-
volatile oil reserves (Sykes et al., 2013). The majority of global oil has been derived from marine 
sources, with lesser deep marine, lacustrine, and deltaic sources contributing through time 
(Figure 6.21) (Sorkhabi, 2016). None of these more globally prolific source rocks have 
contributed significant amounts of petroleum in the Taranaki Basin. 
More than 90% of the world’s known conventional oil and gas reserves are sourced from six 
time intervals (Figure 6.21) (Sorkhabi, 2016 and references therein). They are listed as follows, 
along with the Taranaki Basin’s status at that time: 
1) Silurian (444-416 Ma): Taranaki Basin did not exist in its current configuration 
2) Late Devonian (385-260 Ma): Taranaki Basin did not exist in its current configuration 
3) Pennsylvanian-Late Permian (318-270 Ma): Taranaki Basin did not exist in its current 
configuration 
4) Late Jurassic (165-145 Ma): Eastern Gondwana terrane accretion and Murihiku 
Supergroup deposition; Murihiku Supergroup currently within the zeolite 
metamorphic facies (Campbell et al., 2003) 
5) Middle Cretaceous (125-89 Ma): Zealandia phase rifting (~105-83 Ma); variably 
preserved sandstones, siltstones, coal, and carbonaceous mudstones of the Taniwha 
Formation deposited in non-marine to marginal-marine setting (~100-90 Ma) 
(Strogen et al., 2017) 
6) Oligocene-Miocene (34-5 Ma): Onset of shortening-related deformation and foreland 
basin development west of the Taranaki Fault; rapid subsidence and sediment  
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Figure 6.22: Paleolatitude of New Zealand (at current-day western tip of the Taranaki Peninsula) with source rock deposition and 
tectonic events. Modified from van Hinsbergen (2015). 
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starvation of the New Caledonia Trough, resulting in a 43-47 Ma to 25-27 Ma 
unconformity (Baur et al., 2014); variable depositional environments; no source rock 
deposited that is known to have contributed to existing fields (Sykes et al., 2013) 
As it is currently configured, the Taranaki Basin did not exist during the first three 
globally productive time intervals. During the Late Jurassic the basin was the site of terrane 
accretion and arc volcanism, and was located at or near the South Pole (Figure 6.22); ceteris 
paribus, the Taranaki Basin was located at the point of worldwide minimal organic productivity 
based on available sunlight. The first rifting event took place during the latter Middle 
Cretaceous, although it largely affected distal parts of the Taranaki Basin. The Zealandia and 
West Coast-Taranaki rifting events were the only tectonic events during which source rocks were 
deposited that have meaningfully contributed to producing fields. Interestingly, and unlike other 
Gondwana-breakup rift basins (e.g. offshore Brazil and West Africa), both the Taranaki and 
Gippsland Basins lack lacustrine source rocks. Marsh/bog deposits dominate when sedimentation 
exceeds subsidence (Katz, 1995), and these conditions are preserved in the form of coaly source 
rocks. Lacustrine deposits are most likely when subsidence exceeds sedimentation (Katz, 1995); 
if these conditions were present during Taranaki Basin rifting, they have not been preserved in a 
way that expresses itself in the petroleum geochemistry, nor in the well results throughout the 
basin. Only one potential lacustrine source rock has been found—a Cretaceous syn-rift deposit 
on the western coast of the South Island, located about 200 km from the Taranaki Basin (Cody et 
al., 2015). Paleoclimatic conditions were likely unconducive to the development of lake-bottom 
anoxia and algal-rich rocks. Paleolatitude may be one explanation—lake productivity tends to 
decrease with increasing latitude, and the rate of organic preservation, which is higher in 
stratified lakes with lake-bottom anoxia, is favored at lower latitudes (Katz, 1995). Source rock 
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preservation and potential are controlled by a multitude of factors (paleoclimate, 
paleogeography, sedimentation rates, ocean currents, nutrient supply, and many others), but 
paleolatitude is an important factor to consider when evaluating the Taranaki Basin’s source rock 
history given its high latitude through time.  
6.7 Unrecognized Extension 
 The extension rates in this study do not include estimates for sub-seismic faulting. While 
each sub-seismic fault accounts for very little extension, their greater quantity likely results in a 
significant portion of extension. Marrett and Allmendinger (1992) estimated that sub-seismic 
faulting could account for an additional 25-60% of extension beyond the percentage calculated 
from seismic reflection profiles. Observed faults may also offset a section previously extended 
by earlier faults (Reston, 2007). In this scenario, normal faults form at ~65-70º, rotate, and lock 
up at >30º, and are offset by a second generation of faults (Reston, 2007). This scenario is likely 
when an area’s β factor exceeds two, and may not be recognized on seismic profiles (Reston, 
2007). In the poorly imaged Deepwater Taranaki Basin (e.g. OTS-8), this possibility cannot be 
excluded. Alternatively, observed faulting may account for the majority of brittle extension, and 
the lower crust could have been locally thinned far more than the brittle upper crust through a 
mechanism called depth-dependent stretching (Reston, 2007). This study also does not account 
for ductile strain. 
6.8 Potential Sources of Error 
 There are several sources of potential error that were introduced during each step of the 
study. Given the scale of the study area (~117,000 km2 with up to ~10,000 m of sediment), it is 
unlikely that the errors affect the extension and shortening rates drastically, but they do merit 
mention. 
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 The well data are gathered from well reports spanning decades of Taranaki Basin 
exploration, with ever-changing litho- and biostratigraphic frameworks being utilized to describe 
the well results by researchers working from the 1970s until modern day. These data have been 
translated into the most modern framework by the author of this study and other researchers 
whose work was cited. The Zealandia biostratigraphic framework is in a state of continual 
refinement as more data is been collected and analyzed. This study applies a snapshot in time of 
that biostratigraphic framework, but further refinement by research groups (e.g. GNS Science) 
who publish biostratigraphic reports may shift some of the mapped horizons forward or 
backward in time.  
 The time-depth conversion resulted in some misties between the depth-converted surfaces 
and the expected well tops. Misties of greater than 50 m occurred in 11 wells used in the depth 
conversion model. The problem is due to the interval velocity sampling rates used in the model; 
in wells with lower sampling rates (e.g. those wells using check shot data instead of time-depth 
relationships derived from sonic logs), the surfaces did not always match. At most, the horizons 
were off by 230 m. These misties were corrected in Move on the restored transects, but were not 
corrected throughout the entire study area. 
 The modeled lithology for each stratigraphic interval is an average across each transect. 
Move cannot model lateral lithological changes. The next best solution available would be to 
split each stratigraphic interval into multiple horizon-bounded packages, assigning a series of 
discrete lithological parameters to each individual sub-horizon. This would make restorations 
problematic, as each of these horizons would have to be reconnected and smoothed out after each 
step. In some cases, the lithology for the deeper horizons (e.g. K96-K80) must be extrapolated 
from the few wells that encounter them to other parts of the study area. The K80 horizon is only 
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encountered in the Romney-1 well, and this one data point is extrapolated throughout the study 
area. Much of the lithological data is collected from wells drilled onto paleohighs, and it is 
assumed in any modeling that the lithology along these paleohighs is the same in deeper parts of 
the study volume within each stratigraphic package. 
The paleobathymetric marker locations used in this study do not always occur on the 
restored transects. For example, Tane-1 occurs to the south of OTS-8 (see Figure 6.15B), and no 
wells occur along OTS-1. Eustatic sea level changes were not considered in this study, partially 
because the sea level changes lie within the range of expected paleobathymetry (Appendix B). 
As noted in Chapter 5, the unfaulting methodology employed in this study may have 
affected the timing of rifting in the basin. At each stage of the restorations, when the final layer 
of sedimentary rock had been removed from above the basement, the basement was unfaulted. In 
some cases, it is possible that faulting was active earlier, and that this study assigned fault 
movement to a later time span. More broadly, subaerial faulting or faulting not marked by 
deposition cannot be measured, so it is possible that some of the earliest rifting in the study area 
was not measured.  
The interpreted dip on some of the most extensive basement-involved faults may be too 
high, which would result in understated amount of extension or compression across the transects. 
The Manaia/Waimea-Flaxmore fault is the most likely candidate, as basement overthrusts 
sedimentary rocks at an unclear angle. The dip of the fault is difficult to interpret due to very low 







 Shortening and extension values were measured sequentially on three cross-sections in 
the Northern, Southern, and Central Taranaki Basis, both in proximal and deepwater areas. These 
results have been compared to previous CSM studies and considered from the standpoint of the 
broader Southwest Pacific’s tectonic evolution. Several conclusions can be drawn from this 
work: 
1) An integration of previous CSM studies (Bucker, 2016; King, 2017; Kramer, 2018) 
reveals that the effects of convergence-related shortening have generally migrated 
north-to-south, and the principal compressive stress has rotated clockwise, through 
time; integration of the studies shows that temporal strain migration has occurred in a 
generally systematic and sequential manner 
2) The difference in structural style extent and variability may be a result of basement 
terrane type and paleolocation relative to both Mesozoic subduction and the later New 
Caledonia subduction zone 
3) The restorations broadly support the two-phase rift hypothesis proposed by Strogen et 
al. (2017) 
4) The Northern (OTS-9) and Central (OTS-8) Taranaki Basins have experienced less 
shortening, both in terms of structural style and shortening magnitude, through time, 





5) The paleodepths used in the restorations reveal that traditional subsidence models 
cannot fully account for the basin’s subsidence history; this agrees with the work of 
Baur et al. (2014) 
6) The distribution of ultimately recoverable hydrocarbons in the Taranaki Basin 
appears to be controlled by convergence-related structure presence 
7.1 Future Work 
 The systematic and sequential migration of structural deformation through the region 
could be further validated using seismic interpretation and structural restorations on regional 
transects OTS-2, OTS-3, OTS-7, and OTS-10, and in the Northland Basin and West Coast 
Basins, which are located to the north and south of the Taranaki Basin respectively. The 
Northland Basin is largely geologically contiguous with the Taranaki and Reinga Basins, and its 
timing of structural deformation should be intermediate between the adjacent basins.  
 A 6,462 km2 3D seismic survey, dubbed the Western Platform 3D Survey, is currently 
being evaluated by the New Zealand government (Figure 7.1). The survey would give an 
unprecedented look into the structurally complex subsurface through the Central and Southern 
Taranaki Basin, and would likely be an invaluable tool for petroleum exploration in the area, 
reducing exploration risk.  
Measuring shortening and extension in the top ~10 km of crust is only one of many 
pieces to consider when evaluating the region’s tectonic evolution. Seismic tomographic 
analyses could better constrain the size, extent, and timing of slab subduction, which has direct 
implications for relative plate motions through time; this is especially important for 
understanding the relationship between the New Caledonia and Hikurangi-Kermadec-Tonga 
subduction zones, where large pieces of oceanic crust are inferred to have been subducted. 
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Numerical modeling of mantle dynamics are likely crucial for elucidating the temporal and 
spatial patterns of mantle-controlled uplift and subsidence. 
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Table A.1: Lithology percentages and calculated porosity and depth-porosity coefficients for regional transect OTS-1. The lithology 
percentages are based on the Kiwa-1, Motueka-1, and Tasman-1 wells. At and below K96, the OTS-8 values are used. 
Interval Coal % Limestone % Mudstone % Sandstone % Siltstone % f0 c (km^-1)
Seafloor 0.00 0.00 59.04 17.17 23.79 0.51 0.45
Q30 0.00 5.00 89.00 4.00 2.00 0.53 0.49
Q25 0.00 6.50 62.50 9.60 21.40 0.51 0.46
Q05 1.00 5.00 61.00 28.00 5.00 0.51 0.44
N64 0.00 0.00 62.50 12.00 25.50 0.52 0.45
N38 0.00 1.20 64.65 16.58 17.57 0.51 0.45
N15 0.00 80.41 0.00 19.59 0.00 0.42 0.39
P50 2.50 3.50 22.00 50.00 22.00 0.48 0.39
P10 0.00 0.00 14.00 81.00 5.00 0.46 0.36
P00 0.00 0.00 12.00 78.00 10.00 0.46 0.47
K96 10.00 0.00 6.00 69.00 15.00 0.47 0.37
K90 6.00 0.00 1.00 62.00 31.00 0.47 0.37
K80 1.90 1.72 0.00 26.44 69.94 0.48 0.38



















Table A.2: Lithology percentages and calculated porosity and depth-porosity coefficients for regional transect OTS-8. The lithology 
percentages are based on the Romney-1, Tane-1, and Taranga-1 well results. 
Interval Coal % Limestone % Mudstone % Sandstone % Siltstone % f0 c (km^-1)
Seafloor 0.00 0.00 95.00 3.50 1.50 0.54 0.49
Q30 0.00 0.00 94.00 4.00 2.00 0.54 0.49
Q25 0.00 0.50 93.00 5.00 1.50 0.53 0.49
Q05 0.00 2.00 80.50 4.00 13.50 0.53 0.48
N64 0.00 10.50 86.50 1.70 1.30 0.52 0.49
N38 0.00 2.00 83.50 4.60 9.90 0.53 0.48
N15 0.00 51.70 40.60 0.40 7.30 0.47 0.44
P50 0.00 6.00 84.00 0.50 9.50 0.53 0.48
P10 0.00 0.00 77.80 7.70 14.50 0.53 0.47
P00 6.00 0.30 42.00 37.80 13.90 0.50 0.42
K96 10.00 0.00 6.00 69.00 15.00 0.47 0.37
K90 6.00 0.00 1.00 62.00 31.00 0.47 0.37
K80 1.90 1.72 0.00 26.44 69.94 0.48 0.38


















Table A.3: Lithology percentages and calculated porosity and depth-porosity coefficients for regional transect OTS-9. The lithology 
percentages are based on the Ariki-1, Awakino-1, Romney-1, and Turi-1 well results. 
Interval Coal % Limestone % Mudstone % Sandstone % Siltstone % f0 c (km^1)
Seafloor 0.00 1.63 46.00 40.00 12.37 0.50           0.42           
Q30 0.00 1.25 53.00 40.00 5.75 0.50           0.43           
Q25 0.00 0.00 70.00 15.00 15.00 0.52           0.46           
Q05 0.00 0.00 60.00 20.00 20.00 0.51           0.45           
N64 0.22 20.00 49.20 21.00 9.58 0.49           0.44           
N38 0.00 3.00 54.00 18.00 25.00 0.51           0.44           
N15 0.00 39.00 42.00 7.00 12.00 0.48           0.44           
P50 0.00 14.00 53.00 17.00 16.00 0.50           0.44           
P10 0.00 0.00 100.00 0.00 0.00 0.54           0.50           
P00 0.00 5.00 34.12 40.00 20.88 0.49           0.41           
K96 0.00 0.00 0.00 66.00 34.00 0.46           0.36           
K90 3.47 0.38 0.00 41.54 54.28 0.47           0.37           
K80 1.90 1.72 0.00 26.44 69.94 0.48           0.38           





















Table B.1: Paleodepths used for the OTS-1 restoration. 
Horizon Age (Ma) Challenger Plateau (m) Source Fresne-1 (m) Source Tasman-1 (m) Source Wanganui Basin (m) Source
Seafloor 0 ~850 n/a ~100 n/a ~100 n/a ~100 n/a
Q30 1.6 Unknown n/a No strata Roncaglia et al., 2013 No strata Roncaglia et al., 2013 Unknown n/a
Q25 1.8 Unknown n/a No strata Roncaglia et al., 2013 No strata Roncaglia et al., 2013 Unknown n/a
Q05 2.5 Unknown n/a No strata Roncaglia et al., 2013 No strata Roncaglia et al., 2013 Unknown n/a
N64 4.5 600-1000 Strogen et al., 2014b 100-200 Strogen et al., 2014b 100-200 Strogen et al., 2014b Unknown Strogen et al., 2014b
N38 12 1000-1500 Strogen et al., 2014b 100-200 Strogen et al., 2014b 200-400 Strogen et al., 2014b No strata Strogen et al., 2014b
N15 20 1000 +/500 Strogen et al., 2014b 200-400 Strogen et al., 2014b 200-400 Strogen et al., 2014b No strata Strogen et al., 2014b
P50 30 100-500 Strogen et al., 2014b 100-200 Strogen et al., 2014b 200-400 Strogen et al., 2014b No strata Strogen et al., 2014b
P10 56 0-250 Strogen et al., 2014b 0-100 Strogen et al., 2014b No strata Strogen et al., 2014b No strata Strogen et al., 2014b
P00 66 ~0 Strogen et al., 2014b 0-100 Strogen et al., 2014b No strata Strogen et al., 2014b No strata Strogen et al., 2014b
K96 68 ~0 Strogen et al., 2014b ~0 Strogen et al., 2014b No strata Strogen et al., 2014b No strata Strogen et al., 2014b
K90 74 >0 Strogen et al., 2014b ~0 Strogen et al., 2014b No strata Strogen et al., 2014b No strata Strogen et al., 2014b
K80 83 >0 Strogen et al., 2014b >0 Strogen et al., 2017 >0 Strogen et al., 2017 No strata Strogen et al., 2014b





















Table B.2: Paleodepths used for the OTS-8 restoration. Romney-1 is used as a proxy for the Deepwater Taranaki Basin. Tane-1 is used 
as the marker for the shelf edge. OTS-8 intersects Taranga-1 and Witiora-1, which are both located on the present shelf. 
Horizon Age (Ma) Romney-1/DTB (m) Source Tane-1/Margin (m) Source Taranga-1 (m) Source Witiora-1 (m) Source
Seafloor 0 1571.6 n/a 184.7 n/a 135 n/a 159 n/a
Q30 1.6 Unknown n/a <200 Strogen et al., 2014b 100-200 Shell Todd Oil Services Ltd., 1992 >50 Morgans, 2006
Q25 1.8 Unknown n/a ~200 Strogen et al., 2014b 100-200 Shell Todd Oil Services Ltd., 1992 >50 Morgans, 2006
Q05 2.5 Unknown n/a 200-800 Strogen et al., 2014b 100-200 Shell Todd Oil Services Ltd., 1992 >50-100 Morgans, 2006
N64 4.5 1000-2000 Rad, 2015 ~700 Strogen et al., 2014b 400-600 Shell Todd Oil Services Ltd., 1992 >150-200 Morgans, 2006
N38 12 1000-2000 Rad, 2015 ~1100 Strogen et al., 2014b 600-2000 Shell Todd Oil Services Ltd., 1992 >1000 Morgans, 2006
N15 20 1000-2000 Rad, 2015 ~1500 Strogen et al., 2014b 600-2000 Shell Todd Oil Services Ltd., 1992 1000-1500 Strogen et al., 2014b
P50 30 1000-2000 Rad, 2015 ~1200 Strogen et al., 2014b 600-2000 Shell Todd Oil Services Ltd., 1992 200-1000 Strogen et al., 2014b
P10 56 50-200 Rad, 2015 ~200 Strogen et al., 2014b 50-400 Shell Todd Oil Services Ltd., 1992 0-100 Strogen et al., 2014b
P00 66 ~50 Rad 2015 <50 Strogen et al., 2014b <50 Shell Todd Oil Services Ltd., 1992 ~0 Strogen et al., 2014b
K96 68 ~50 Baur et al., 2014; Rad, 2015 <50 Strogen et al., 2014b 0-100 Strogen et al., 2014b Unknown n/a
K90 74 ~0 +/-  30 Baur et al., 2014 ~0 Strogen et al., 2014b ~0 Strogen et al., 2014b Unknown n/a
K80 83 <200 Rad, 2015 >0 Strogen et al., 2014b >0 Strogen et al., 2014b Unknown n/a























Table B.3: Paleodepths used for the OTS-9 restoration. The Romney-1 well information is used as a proxy for the deepwater section 
of the transect. OTS-9 intersects the Ariki-1, Turi-1, and Awakino-1 wells. 
Horizon Age (Ma) Romney-1/DTB (m) Source Ariki-1 (m) Source Turi-1 (m) Source Awakino-1 (m) Source
Seafloor 0 1571.6 n/a 173.3 n/a 88 n/a 62 n/a
Q30 1.6 Unknown n/a 0-100 Strong & Wilson, 2002 No strata n/a No strata n/a
Q25 1.8 Unknown n/a 200-600 Strong & Wilson, 2002 No strata n/a No strata n/a
Q05 2.5 Unknown n/a 200-600 Strong & Wilson, 2002 No strata n/a No strata n/a
N64 4.5 1000-2000 Rad, 2015 1000-1500 Strogen et al., 2014b 400-600 Strogen et al., 2014b 200-400 Strogen et al., 2014b
N38 12 1000-2000 Rad, 2015 1000-2000 Strogen et al., 2014b 1000-1500 Strogen et al., 2014b 600-1000 Strogen et al., 2014b
N15 20 1000-2000 Rad, 2015 1000-2000 Strogen et al., 2014b 600-1000 Strogen et al., 2014b 400-800 Strogen et al., 2014b
P50 30 1000-2000 Rad, 2015 1000-2000 Strogen et al., 2014b 600-1000 Strogen et al., 2014b 200-400 Strogen et al., 2014b
P10 56 50-200 Rad, 2015 0-100 Strogen et al., 2014b 0-50 Strogen et al., 2014b 0-50 Strogen et al., 2014b
P00 66 50-100 Strogen et al., 2014b 0-100 Strogen et al., 2014b 0-50 Strogen et al., 2014b 0-50 Strogen et al., 2014b
K96 68 ~50 Baur et al., 2014; Rad, 2015 ~0 Strogen et al., 2014b 0-50 Strogen et al., 2014b 0-50 Strogen et al., 2014b
K90 74 ~0 +/-  30 Baur et al., 2014 ~0 Strogen et al., 2014b ~0 Strogen et al., 2014b ~0 Strogen et al., 2014b
K80 83 <200 Rad, 2015 Unknown n/a Unknown n/a Unknown n/a

































Table C.1: Restoration steps for OTS-1. The steps highlighted in yellow are displayed in Chapter 
5. Line length changes in red font are excluded from the percentage change calculations based on 
their geologic improbability. Abbreviations: corr, correction; dec, decompaction; FS, flexural 
























Top Horizon Section Horizontal Length (m) Change (m) % Change
Seafloor OTS-1 Original 387,732.70                     0.000%
Seafloor RTS S-Q30 387,732.70                     0.00
Q30 DEC Seafloor-Q30 387,732.70                     0.00
Q30 Paleobath WB Q30-Q25 387,732.70                     0.00 0.000%
Q30 RTS Q30-Q25 387,732.70                     0.00
Q25 DEC Q30-Q25 387,732.70                     0.00 0.000%
Q25 RTS Q25-Q05 387,732.70                     0.00
Q05 DEC Q25-Q05 387,732.70                     0.00
Q05 PaleoB WB Q05-N64 387,732.70                     0.00 0.000%
Q05 RTS Q05-N64 387,732.70                     0.00
N64 DEC Q05-N64 387,732.70                     0.00
N64 Paleobath WB N64-N38 387,732.70                     0.00
N64 N64-N38 Pre-erosion 387,732.70                     0.00
N64 N64-N38 N64 Unfolded 387,732.70                     0.00
N64 N64-N38 Unfold Reconnect 387,774.00                     41.30 0.011%
N64 RTS N64-N38 387,774.00                     0.00
N38 DEC N64-N38 387,774.00                     0.00
N38 Unfault N38-N15 389,215.70                     1,441.70
N38 N38 Before Unfolding 389,215.70                     0.00
N38 Unfold N38 389,250.00                     34.30
N38 N38 Unfold Corrections 391,422.70                     2,172.70 0.941%
N38 RTS N38 391,422.70                     0.00
N15 DEC N38-N15 391,422.70                     0.00
N15 Unfault N15 391,977.60                     554.90
N15 Unfold N15 392,623.10                     645.50 0.307%
N15 RTS N15-P50 392,774.80                     151.70
P50 DEC N15-P50 392,675.40                     -99.40
P50 Unfault P50 392,841.10                     165.70
P50 Unfault Manaia Flaxmore 393,485.40                     644.30
P50 Unfold P50 393,834.20                     348.80 0.308%
P50 RTS P50-P10 393,834.20                     0.00
P10 DEC P50-P10 393,784.40                     -49.80
P10 Unfault Manaia Flaxmore  P10 393,937.10                     152.70
P10 Unfault P10 393,501.60                     -435.50
P10 Model conditioning P10-P00 393,501.60                     0.00
P10 P10 Paleobath Correction 393,501.60                     0.00
P10 P10 Unfold 393,527.30                     25.70 -0.078%
P10 RTS P10-P00 393,527.30                     0.00
P00 DEC P10-P00 393,517.90                     -9.40
P00 Smoothing P00-K96 393,517.90                     0.00
P00 Unfault P00 392,811.40                     -706.50
P00 Unfold P00 East Step 1 390,568.90                     -2,242.50
P00 Unfold P00 West Step 2 392,942.10                     2,373.20 -0.182%
P00 RTS P00-K96 392,942.10                     0.00
K96 DEC P00-K96 392,942.10                     0.00
K96 Unfault K96 391,502.00                     -1,440.10
K96 Unfold K96 Pakawau Step 1 391,808.80                     306.80
K96 K96 Paleobath Step 2 391,636.50                     -172.30
K96 K96 Paleobath/Unfold Step 3 391,804.90                     168.40 -0.367%
K96 RTS K96-K90 391,804.90                     0.00
K90 DEC K96-K90 391,804.90                     0.00
K90 Unfault K90-Basement 388,697.10                     -3,107.80
K90 Paleobath K90-Basement 388,697.10                     0.00 -0.751%
K90 RTS K90-Basement 388,697.10                     0.00
Basement Basement Unfaulted 387,261.50                     -1,435.60 -0.370%
Total Compression 6,279.90 1.620%
Total Extension -7,184.70 -1.853%






















Table C.2: Restoration steps for OTS-8. The steps highlighted in yellow are displayed in Chapter 
5. Line length changes in red font are excluded from the percentage change calculations based on 
their geologic improbability. Abbreviations: corr, correction; dec, decompaction; FS, flexural 
























Top Horizon Section Horizontal Length (m) Change (m) % Change
Seafloor OTS-8 Original 232,787.90                          0.000%
Seafloor OTS-8 RTS Seafloor-Q30 232,787.90                          0.00
Q30 OTS8 DEC Seafloor-Q30 232,787.90                          0.00 0.000%
Q30 OTS8 RTS Q30-Q25 232,787.90                          0.00
Q25 OTS8 DEC Q30-Q25 232,787.90                          0.00
Q25 OTS Unfault Q25 232,772.00                          -15.90
Q25 OTS Unfault Cleaned up 232,772.00                          0.00 -0.007%
Q25 OTS8 RTS Q25-Q05 232,772.00                          0.00
Q05 OTS DEC Q25-Q05 232,772.00                          0.00
Q05 OTS8 Unfault Q05 232,764.50                          -7.50
Q05 OTS8 Unfault Q05 Cleaned up 232,764.50                          0.00
Q05 OTS8 Unfold/Paleobath Q05 232,778.70                          14.20
Q05 OTS8 Unfold/Paleobath Q05 cleaned 232,778.70                          0.00 -0.003%
Q05 OTS RTS Q05-N64 232,778.70                          0.00
N64 OTS DEC Q05-N64 232,803.20                          24.50
N64 OTS Unfault 1 232,701.70                          -101.50
N64 OTS Unfault 2 232,769.20                          67.50
N64 OTS8 Unfault N64 cleaned 232,769.20                          0.00
N64 OTS8 Unfold N64 232,832.60                          63.40 -0.044%
N64 OTS RTS N64-N38 232,832.60                          0.00
N38 OTS8 DEC N64-N38 Real 232,822.20                          -10.40
N38 OTS8 Unfault N38 232,537.60                          -284.60
N38 OTS8 N38 rotated upwards 232,549.00                          11.40
N38 OTS8 Reconstruct Paleobath. 232,557.80                          8.80
N38 OTS8 Unfold Flexural Slip 232,604.20                          46.40
N38 OTS8 Additional Unfold Flex. Slip 232,614.40                          10.20 -0.118%
N38 OTS RTS N38-N15 232,614.40                          0.00
N15 OTS8 DEC N38-N15 232,614.90                          0.50
N15 OTS8 Unfault N15 232,596.10                          -18.80
N15 OTS8 N15 Paleobath Corr1 232,596.10                          0.00
N15 OTS8 N15 Paleobath Corr2 232,596.10                          0.00
N15 OTS8 N15 Paleobath Corr3 232,596.10                          0.00
N15 OTS8 Unfold N15 232,708.90                          112.80 -0.008%
N15 OTS8 Restore subsidence N15-P50 232,708.90                          0.00
P50 OTS8 Decompact N15-P50 232,720.70                          11.80
P50 OTS8 Paleobath P50 232,720.70                          0.00
P50 OTS8 Unfold P50 FS 232,793.50                          72.80 0.005%
P50 OTS8 RTS P50-P10 232,793.50                          0.00
P10 OTS8 DEC P50-P10 232,668.10                          -125.40
P10 OTS8 Unfault P10 232,344.20                          -323.90
P10 OTS8 Horizon Smoothing After P10 Unfault 232,344.20                          0.00
P10 OTS8 P10 Paleobath Corr1 232,336.80                          -7.40
P10 OTS8 P10 Paleobath/Unfold to -250 FS 232,552.70                          215.90 -0.196%
P10 OTS8 RTS P10-P00 232,552.70                          0.00
P00 OTS8 DEC P10-P00 232,424.50                          -128.20
P00 OTS8 Unfault P00 231,934.60                          -489.90
P00 OTS8 Unfold P00 FS 231,935.10                          0.50 -0.266%
P00 OTS8 RTS P00-K96 231,935.10                          0.00
K96 OTS8 DEC P00-K96 231,933.00                          -2.10
K96 OTS8 Unfault K96-K90 231,479.30                          -453.70
K96 OTS8 Synrift geometry Correction1 231,512.40                          33.10
K96 OTS8 Unfold K96 231,761.65                          249.25 -0.183%
K96 OTS8 RTS K96-K90 231,761.65                          0.00
K90 OTS8 DEC K96-K90 231,698.85                          -62.80
K90 OTS8 Unfault K90 231,537.00                          -161.85
K90 OTS8 Unfold K90 232,031.70                          494.70 -0.097%
K90 OTS8 RTS K90-K80 232,031.70                          0.00
K80 OTS8 DEC K90-K80 231,943.30                          -88.40
K80 OTS8 Unfault K80/Basement 228,937.57                          -3,005.73
K80 OTS8 Unfold K80 228,867.76                          -69.81
K80 OTS8 K80 Unfault additional 227,544.40                          -1,323.36 -1.914%
K80 OTS8 RTS K80-Basement 227,544.40                          0.00
Basement OTS8 Unfault Basement 218,782.70                          -8,761.70 -3.871%
K80/Basement OTS8 Apparent Heave Correction 221,795.88                          -5,748.52 -2.540%
TOTAL Compression 11.80 0.005%
TOTAL Extension -15,180.94 -6.521%
TOTAL Cretaceous-Present Corrected for Apparent Heave -12,167.76 -5.227%
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Table C.3: Restoration steps for OTS-9. The steps highlighted in yellow are displayed in Chapter 
5. Line length changes in red font are excluded from the percentage change calculations based on 
their geologic improbability. Abbreviations: corr, correction; dec, decompaction; FS, flexural 









Top Horizon Section Horizontal Length (m) Change (m) % Change
Seafloor Initial OTS-9 339,846.80                     
Seafloor 9 RTS S-Q30 339,846.80                     0.00
Q30 9 DEC Seafloor-Q30 339,846.80                     0.00
Q30 9 Unfold & Correct for Uplift 339,846.80                     0.00
Q30 9 Q30-Q25 PaleoB Correction 339,846.80                     0.00 0.000%
Q30 9 RTS Q30-Q25 339,846.80                     0.00
Q25 9 DEC Q30-Q25 339,846.80                     0.00
Q25 9 Unfault Q25-Q05 339,393.70                     -453.10
Q25 9 Unfold SS & Uplift Corr Q25-Q05 339,393.70                     0.00
Q25 9 Unfold SS and Uplift Corr Q25-Q05 2 339,393.70                     0.00 -0.133%
Q25 9 RTS Q25-Q05 339,393.70                     0.00
Q05 9 DEC Q25-Q05 339,393.70                     0.00
Q05 9 Unfault Q05-N64 339,353.50                     -40.20
Q05 9 Unfold/PaleoB Correct 339,344.20                     -9.30
Q05 9 Unfold/PaleoB Correct 2 339,323.90                     -20.30
Q05 9 Unfold PaleoB Correct 3 Smoothing Q05-N64 339,385.70                     61.80 -0.021%
Q05 9 RTS Q05-N64 339,385.70                     0.00
N64 9 DEC Q05-N64 339,385.70                     0.00
N64 9 Unfault N64 339,085.10                     -300.60
N64 Paleobath Correction N64-N38 339,089.10                     4.00
N64 Unfold/Paleobath N64-N38 339,145.80                     56.70
N64 Unfold/Paleobath N64-N38 2 339,145.80                     0.00 -0.089%
N64 9 RTS N64-N38 339,145.80                     0.00
N38 9 DEC N64-N38 339,145.80                     0.00
N38 9 Unfault N38-N15 338,467.60                     -678.20
N38 9 Unfold N38 338,467.60                     0.00
N38 9 Smoothing and paleobath N38-N15 338,467.60                     0.00 -0.200%
N38 9 RTS N38-N15 338,467.60                     0.00
N15 9 DEC N38-N15 338,467.20                     -0.40
N15 9 Remove Aotea Seamount 338,467.20                     0.00
N15 9 Unfault N15 338,467.40                     0.20
N15 9 Paleobath N15 338,473.80                     6.40
N15 9 Paleobath N15 West Norfolk Ridge 338,482.30                     8.50
N15 9 Unfold N15 SE 338,682.40                     200.10
N15 9 Unfold N15 SE 2 338,682.40                     0.00
N15 9 Unfold N15 West 338,706.80                     24.40 0.071%
N15 9 RTS N15-P50 338,706.80                     0.00




Table C.3: Continued. 
 
P50 9 Unfault P50 338,633.60                     -73.20
P50 9 Paleobath P50 338,637.90                     4.30
P50 9 Paleobath P50 2 East 338,638.40                     0.50
P50 9 Unfold P50 West 338,674.00                     35.60
P50 9 Unfold P50 East 338,725.40                     51.40 0.005%
P50 9 RTS P50-P10 338,725.40                     0.00
P10 9 DEC P50-P10 338,726.30                     0.90
P10 9 Unfault P10 338,060.60                     -665.70
P10 9 Paleobath Correction P10 338,060.60                     0.00
P10 9 Unfold P10 338,302.80                     242.20
P10 9 Unfold P10 2 338,302.80                     0.00 -0.125%
P10 9 RTS P10-P00 338,302.80                     0.00
P00 9 DEC P10-P00 338,299.80                     -3.00
P00 9 Unfault P00 336,052.70                     -2,247.10
P00 9 Paleobath P00 336,052.70                     0.00
P00 9 Unfold West 80km 335,999.30                     -53.40
P00 9 Unfold P00 80km to East Side 336,153.90                     154.60
P00 9 Unfold P00 3 Cleaned Up 336,035.20                     -118.70 -0.635%
P00 9 RTS P00-K96 336,035.20                     0.00
K96 9 DEC P00-K96 336,022.20                     -13.00
K96 9 Unfault Lone Reverse K96 Fault 336,447.50                     425.30
K96 9 Unfault K96 330,643.40                     -5,804.10
K96 9 Paleobath K96 330,643.40                     0.00
K96 9 Unfold K96 West 178.8km 330,715.30                     71.90
K96 9 Unfold K96 East Side 331,021.00                     305.70 -1.731%
K96 9 RTS K96-K90 331,021.00                     0.00
K90 9 DEC K96-K90 331,033.10                     12.10
K90 9 Unfault K90 322,395.10                     -8,638.00
K90 9 Paleobath Correction K90 322,395.10                     0.00
K90 9 Unfold K90 250-330km East 322,563.20                     168.10
K90 9 Unfold K90 West 324,027.60                     1,464.40 -2.614%
K90 9 RTS K90-Basement 324,027.60                     0.00
Basement 9 Unfault Basement 309,237.10                     -14,790.50 -4.599%
K80/Basement OTS9 Apparent Heave Correction 316,857.00                     -7,170.60 -2.231%
TOTAL Compression 655.50 0.193%
TOTAL Extension -33,704.40 -9.918%
TOTAL Cretaceous-Present Corrected for Apparent Heave -26,084.50 -7.675%
